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(54) Wide-range type thermistor element and method of producing the same 



(57) The thermistor element of the present invention 
is composed of a mixed sintered body 
aM^M^Oa-bYgOa of a composition M^M^Oa (wherein 
Is Y. and is at least one element selected from 
the elements such as Cr, Mn, Ti, etc.) as a perovskite 
compound and Y2O3, w^herein molar fractions a and b 
satisfy tiie relations 0.05 ^ a < 1.0, 0 < b ^ 0.95 and 
a + b = 1 . Another wide-range type thermistor element 
of tiie present invention is composed of a perovskite 
compound M^IM^M^jOa, wherein is at least one ele- 
ment selected from the elements of the groups II and 
IIIA excluding La in tiie Periodic Table, and each of 
and is at least one element selected from ttie ele- 
ments of the groups IIB, 1116. IVA, VA, VIA. VIIAand VIII. 
a and b satisfy the relations a + b = 1 andO<b< 0.1. 
where a is a molar fraction of and b is a molar frac- 
tion of in U\M^t\/P)Oz. 
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BACKGROUND OF THE INVENTION 
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5 1 . Field of the Invention 

The present Invention relates to a thermistor element which can detect a temperature ranging from room tempera- 
ture to high temperature of about 1 0OO^C, i.e. so-called wide-range type thermistor element, and the thermistor element 
is particularly suitable for use in a temperature sensor for an automobile exhaust gas 

2. Description of the Related Art 

A thermistor element for a temperature sensor Is used in the measurement of a temperature ranging from moderate 
to high temperature (e.g. 400 to ISOO'^C, etc.) such as temperature of an automobile exhaust gas. gas flame tempera- 
ture of gas hot-water supply device, temperature of a heating oven, etc. 

Characteristics of this kind of a thermistor element are indicated by the resistivity and resistivity temperature coef- 
ficient (temperature dependence of the resistivity). In order to cope with a practical resistivity range of a temperature 
detecting circuit constituting the temperature sensor, it is desired that the resistivity of the thermistor element is within 
a predetermined range. Therefore, perovskite materials are exclusively used as those having resistivity characteristics 
suitable for a wide-range type thermistor element. „ , • d u 

As the thermistor element using perovskite material, for example, those described in Japanese Patent Kokat Pub- 
lication Nos. Hei 6-325907 and Hei 7-201 528 are suggested. These thermistor elements are produced by mixing oxides 
of Y. Sr, Or. Fe, Ti, etc. in a predetermined composition proportion and calcining the mixture to form a perfect solid solu- 
tion in Older to realize a thermistor which can used in a wide temperature range. 

The resistivity characteristics of the wide-range type thermistor element are indicated by the resistivity and resistiv- 
ity temperature coefficient. In a normal temperature sensor, it is necessary that the resistivity of the thermistor element 
is from 50 to 300 kQ within a working temperature range in view of the resistivity range of the temperature detecting 
circuit. In case of affording a heat history from room temperature to 1000°C to the thermistor element, the smaller a 
change between the resistivity after heat history and the initial resistivity, the better 

In the above Japanese Patent Publications, various thermistor elements of a perfect solid solution are suggested, 
but only data of the thermistor element resistivity at SOC'C or more are disclosed. Therefore, the present inventors have 
examined the resistivity characteristics at about room temperature of various thermistor elements in the above Japa- 
nese Patent Publications. .A^AOn ♦t,^ 
As a result regarding those having a resistivity stability in the heat history from room temperature to 1000 C, the 
resistivity becomes higher in the temperature range from room temperature to 300^0. Therefore, it is impossible to dis- 
criminate rt from insulation and the temperature can not be detected. On the other hand, regarding those satisfying low 
resistivity of 50 to 300 kn . the resistivity changes by 10% or more relative to the initial resistivity in the heat history. It 
has been found that the stability is poor. 

There has never been obtained a thermistor element which can satisty two resistivity characteristics which are con- 
trary to each other, i.e. low resistivity characteristics within a range from room temperature to high temperature of 
1000°C and resistivity stability in the heat history (so-called wide-range type thermistor element). 

in the light of the above problems, an object of the present invention Is to provide a thermistor element which has 
stable characteristics (i.e. small change in resistivity in the heat history from room temperature to 1000'C) and has a 
resistivity of 50 to 300 kn within the temperature range from room temperature to lOOO^'C. 

SUMMARY OF THE INVENTION 
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(First aspect) 

(A) In the first aspect of the present invention for accomplishing the above object, the present inventors have con- 
sidered that a conventional thermistor element is composed of a perfect solid solution having a perovsk'rte type 

strurttiro h. t it ic Hiffirult for a perfect solid solution as a single compound to satisty the above resistivity character- 

istics which are liable to be contrary to each other. 

Thus the above object has been accomplished by using a novel thermistor material composed of a mixed sin- 
tered body prepared by mixing two compounds, i.e. a perovskite material (oxide) having a comparatively low resis- 
tivity and a material having a comparatively high resistivity in place of the perfect solid solution. 

The present inventors have tested and studied various perovskite materials. As a result, it has been found that 
a composition mWO^ (M^ is at least one element selected from the elements of the groups II and IIIA excluding 
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La in the Periodic Table, and is at least one element selected from the elements of the groups (IB. IIIB, IVA VA 
m vJlA Vl5) is preferal^e as a material having resistivfty characteristics which are surtable for accompi>sh,ng 

*''Sre2hthighmoistureabsorptior,property,thereisa^^^^^^^^^^ 



an unSe h^dTjcS. v^S^ es7^ in^b^^^^^^^^^ thermistor element. Therefore. La is not usee, as M^. 

Snte Jer haSl. it has been decided that (yttrium oxide), which has a comparatively Ijgh res.st|vjr 
and Sblizes resistivrty of the thermistor material, is used as another material to be mixed as a resutt d the st^y 
Bv D eoarina a mixed sintered body from M^M^Oa and YA. a thermistor element of a mixed sintered body 
"mixed Sintered body" used herein means a sintered body wherein Qra-ns con^tut^ 
the sintlred b^y comprise a mixture of grains of a first component M^M^Oa and grams of a second component 
Y2O3. 

1) That is this mixed sintered body is a mixed sintered body M^M^Os • Y2O3 of the above M'tfOs and Yg J, 
r^M^ is a'Tet one elemem selected from the elements 0, the S-P^ ''^ and IIIA ^^^^^^ U in t^e 
Periodic Table, and m2 is atleast one element selected from the elements of the groups 1«^^^ 
VIIA and VIII in the composition M'M^Oz. More specifically, it can also be represented as aM M O3 'bYjOa _ 
thern^stor element was incorporated into a temperature sensor and the res.st.vrty charactenst.cs 0 
the element were examined. As a result rt could be confirmed that rt is stable, that is. a change .n res.stiv.ty is 
Ir^l ;ag.tr% Screven in the heat history from room temperature to 1 000«C and the resistMty .s from 50 
to 300 k£i within the temperature range from room temperature to 1 000°C. 

Therefore, according to this invention, it is possible to provide a therm.stor element which can deted a 
temperature ranging from room temperature to high temperature of 1 000-0 and has stable characteri^s, that 
l a change in resistivity is small even in the heat history from room temperature to 1000-C. so-called wide- 

r™:s:t^roS^^ 

M1M203, is preferably at least one element selected from Y Ce, Pr. Nd. Sm Eu Gd Dy, Ho. Er. ^t Mg 
Ca s!: la and Sc. and is preferably at least one element selected from Ti. V. Cr, Mn, Fe. Co. Ni. Zn. Al. Ga, 
Zr Nb.lWlo.Hf, Ta and W. in view of the practical use. ^ ..... i ^ *u-4 «♦ 

resuH of a further study about a mixing ratio of U'U^z and Y2O3. it has been found that the eHect of 
Se^reJentTr^eln can be accomplished more certainly if the mixing ratio is witiiin a Predet^-n^ja^^^^^^ 
Satis whenamolar fraction of the aboveM^M%D3i8aandbisamolarfracbon of the above Y2^^^^^ 
Son a a^ b sSisfy the relations 0.05 ^ a < 1 .0. 0 < b ^ 0.95 and a + b = 1 in the composrtion fom^ula 

'""^ slce'th'ISar fractions can be changed ««thin a wWe range in such way tfie resistivity ^d^resisjM^ 
temperature coefficient can be widely controlled by appropriately mixing both M^M^Oa and YgOa and firing the 

ZT^e sintered body, a sintering auxiliary is added to improve the sintering property ofthe respective ^^i- 
c es AS a result of ttie test and study about various sintering auxiliaries, it has been found that it 'S preferaWe 
to usel siSg auxSia comp^ at least one of CaO. CaCOa and CaSiOa. and SiO^ in case of the mixed 
SnSr^ S Of the present indention. Consequently, a wide-range type thermistor element having excellent 
sintering density can be obtained. 

(B) As a result of the advancement of the test, it has been found that a detected temperature a'='^'acy vanes w J 
the Snsor in the level within the range from ±20 to 30-Cin the temperature sensor using the above therms^^ 

""'"^Hence. an examination of various conditions In the production step of the thermistor element such as com- 
poundng. molding and firing or Entering condrtions have been advanced for the purpose of improving this temper- 
ature accuracy (reduction of scatter in detected temperature accuracy between sensors)^ 

AS a resuk. it has been found that scatter in temperature accuracy arises as follows. Thart is 
Darlide diameter of M^mZO, as the perovskite material obtained by the calcination is larger than that of Y2O3. both 
SJl^ner^e not uniformly mixeS to cause scatter in composition ofthe mixed sintered body, which results in 
scatter in resistivity of the thermistor element. 

1) Therefore, the present inventors have considered that uniform mixing of the conposition «n be reaJized if 
tl^e average particlediameter of M^M^Oa is adjustedtoan average particlediameter which IS the sam^^^ 

of Y2O3 in the mixed state before calcination, and a test and study have been made. a '^^^-J^^^^^ 
found that M'M^O, obtained by the calcination and Y20a may be mixed and ground to adjust the ave age pa - 
tide diameter of this mixture {M'M^O^ and Y2O3) to an average particle diameter which is not more than that 
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of Y2O3 before mixing. 

That is, when using this production method, uniform mixing is realized by atomization of M^M^Oa and 
Y2O3 and a'variation in composition of the mixed sintered body M^M^Os • YgOg is reduced and. therefore, scat- 
ter in resistivity of the thermistor element can be reduced. Accordingly, it is possible to provide a wide-range 
5 type thermistor element which can realize a sensor temperature accuracy better than a conventional level 

within the temperature range from room temperature to 1000°C (small scatter in temperature accuracy 
between sensors). 

2) The mixed sintered body Y(CrMn)03 • Y2O3 can also be obtained by a method of mixing an oxide of Cr with 
an oxide of Mn, calcining the mixture at 1000*'C or more to obtain (Mni .5Cri ,5)04. and performing direct mix- 

10 ing/sintering of (Mn^ gCri .5)04 and Y2O3 in place of a method of mixing Y(CrMn)03 with Y2O3 and sintering 

the mixture. In this case, the same effect can be exerted by mixing an oxide of Cr with an oxide of Mn, calcining 
the mixture at lOOO^C or more to obtain (Mn-i .5Cri,5)04 having an average particle diameter larger than that of 
the above Y2O3. mixing this (Mni.5Cri;5)04 with the above YgOa, grinding the mixture to adjust the average 
particle diameter of this mixture to an average particle diameter which is not more than that of the above Y2O3 

15 before mixing, molding the mixture into an article having a predetermined shape and sintering the article. 

3) The mixed sintered body Y(CrMnTl)03 • Y2O3 can also be obtained by mixing an oxide of Cr with an oxide 
of f^n. calcining the mixture at 1 000^*0 or more to obtain (Mni,5Cri.5)04, and performing mixing and sintering 
of (Mrii sCri 5)04, Y2O3 and Ti02. In this case, the same effect can be obtained by mixing an oxide of Cr with 
an oxide of fi/ln. calcining the mixture at 1000*'C or more to obtain (Mni,5Cri.5)04 having an average particle 

20 diameter larger than that of the above Y2O3, mixing this (Mn^ ,5Cri.5)04 with the above YgOg and TiOg. grinding 

the mixture to adjust the average particle diameter of this ground mixture to an average particle diameter which 
is not more than that of the above Y2O3 before mixing, molding the mixture into an article having a predeter- 
mined shape and sintering the article. 

25 (C) Furthermore, an examination of the production method of the thermistor element has been advanced for the 
purpose of improving the detected temperature accuracy of the temperature sensor using the thermistor element 
of the present invention. As a result it has been found that scatter in composition of M^M^Os itself obtained by the 
calcination exerts an influence on scatter in composition of the mixed sintered body M^M^Os • Y2O3 (i.e. scatter in 
resistivity of the thermistor element). 

30 

Now, the cause of scatter in the composition of U^hA^Oz obtained by the calcination in the method of producing the 
mixed sintered body M^M^Os • Y2O3 will be described by way of the example wherein = Y and = Cr and Mn, i.e. 
example using Y(Cro sMno 5)03. 

For example, Y(Cro sMno 5)03 is prepared as follows (see Fig. 20). Y2O3 (average particle diameter: about 1 ^m) 
35 as a source material of li/l^ , and Cr203 (average particle diameter: about 4 ^im) and MnsOs (average particle diameter: 
about 7 fim) as source materials of are compounded in a molar ratio Y:Cr:Mn = 1:0.5:0.5 (compounding 1), mixed 
and ground by using a ball mill, and then this mixture is calcined at lOOC^C or more to obtain Y(Cro.5Mno.5)03- 

The present inventors have found that a problem lies in the mixing and grinding using a ball mill in the above step. 
That is, according to the mixing and grinding using a ball mill, the average particle diameter after the mixing and grind- 
40 ing is limited to about 2 \im and the average particle diameter of Cr203 and that of Mn203 are larger than that of Y2O3. 

Accordingly, Y(Cro5Mno.5)03 obtained by the calcination reaction of the mixture of Y2O3, Gr203 and Mn203 
becomes a mixture containing a composition shifted from Y:Cr:Mn = 1:0.5:0.5 due to a difference in particle diameter 
of each raw material, e.g. various compositions from composition of Y:Cr:Mn = 1 :0.6:0.4 to composition of Y:Cr:IVln = 
1:0.4:0.6. 

45 Since these compositions, from a composition of Y:Cr:f^n = 1 :0.6:0.4 to a composition of Y:Cr:Mn = 1 :0.4:0.6, have 
different resistivity and resistivity temperature coefficient (p value), the resistivity varies with tiie element to cause scat- 
ter in element resistivity. 

In case that a part of Y2O3, CrsOg and Mn203 as the raw material (shifted from the composition ratio) Is remained 

as an unreacted matter, scatter in element resistivity arises. 
so The present inventors have intensively studied problems such as scatter in composition of M^Og obtained in the 

step before obtaining M^M^Os by the calcination, presence of the unreacted matter, etc. 
As a result, it has been found that the above drawbacks can be inhibited and the temperature accuracy becomes 

±1000 or less if the raw material of and that of are mixed and ground by using a medium stirring mill having a 

grinding capability higher tiian that of a ball mill and atomization is performed so that the average particle diameter of 
55 the raw material mixture (mixed grind) after mixing and grinding is adjusted to an average particle diameter which is not 

more than that of the raw material of and is not more than 0.5 ^lm. 

The method of producing the thermistor element of tiie present invention has been accomplished based on the 

above finding. 
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1) Thai is in this Invention, the raw material of and the raw material of are mixed and ground to adjust the 
average particle diameter of this mixed grind to an average particle diameter which Is not more than that of the raw 
material of before mixing and is not more than 0.5 ^m In the mixing step of mixing and grinding the material 
of m2 and the raw material of M\ Thereafter. M^M^Oa is obtained by calcination, and the M M O3 and Y2O3 are 

5 then mixed. The mixture Is molded into an article having a predetermined shape and then sintered. 

According to the present irrvention. since unlfomi mixing of the conrposition can be realized by uniforrn atomi- 

zation of the raw materials of and M^. reduction of scatter in composition of M^M^O^ formed after calcination 

and inhibition of the existence of the raw material unreacted reaction matter can be realized. Therefore, scatter in 

resistivity of the thermistor element can be reduced. 
10 Accordingly. It is possible to provide a wide-range type thermistor element which realizes a sensor temperature 

accuracy better than a conventional level within the temperature range from room temperature to 1000 C (small 

scatter in temperature accuracy between sensors). , _ , 

When using those containing at least Y2O3 as the raw material of m\ a thermistor element can also be 

obtained by mixing the raw material of and the raw material of M^. grinding the mixture, calcining the mixture to 
15 form a precursor having the same composition as that of the desired mixed sintered body O3 • Y2O3. molding 

this precursor into an article having a predetermined shape, and sintering the article. 

The precursor is represented by M'M^O^ ■ Y2O3, wherein Y2O3 containing excess Y in an amount larger than 

a theoretical amount is combined with U^W?0^ In the above M^N^Os (perovsldte structure). Therefore, according 

to this production method, a mixed sintered body, i.e. thermistor element can be obtained by previously compour^ 
20 Ing the raw materials of and ^ so that the composition of the desired mixed sintered body can be obtained 

without further adding Y2O3 after calcination. „ „ . u 

2) In addition, according to the production method using precursors containing at least Y2O3, the above precursor 
Is obtained by mixing the raw material of and the raw material of U\ grinding the mixture to adjust the average 
particle diameter of this mixed grind to an average particle diameter which is not more than that of the raw matenal 

25 of before mixing and which is 0.5 |im or less, and calcining the mixed grind. 

Consequently, since uniform mixing of the composition can be realized by unHbrm atomization of the raw mate- 
rials of and M^, reduction of scatter In composition of the precursor formed after calcination and inhibition of the 
existence of the raw material unreacted reaction matter can be realized. As a result, scatter In composition of the 
mixed sintered body having the same composition as that of the precursor can be reduced and the same effect as 

30 that of the above Item 1) can be Obtained. . ^- , 

3) A method of mixing a raw material of with a raw material of U\ grinding the mixture to adjust an average par- 
ticle diameter of the mixed grind to an average particle diameter which is not more than that of ttie raw matenal of 

before mixing and is also not more than 0.5 jim. calcining the ground mixture to obtain M M O3. 

mixing U^U^Oz obtained by the calcination with Y2O3, grinding the mixture to adjust an average partide 
35 diameter of the mixture after grinding to an average particle diameter which Is not more than that of the raw material 
of Y,0, before mixing, molding the ground mixture into an article having a predetermined shape, and sintenng the 
artide is a combination of the above production method (B) and (C), and this method can reduce scatter in resis- 
tivity of the thermistor element to a higher level by a combination of the effects of both methods. 

4) Similarly, a method of using precursors containing at least Y2O3 as a raw material of IWI\ mixing a raw matenal 
AO Of m2 With the raw material of u\ grinding the mixture to adjust an average particle diameter of the mixed gnnd 

after grinding to an average particle diameter which Is not more than that of the raw material of M before mixmg 
and is also not more than 0.5 (im. calcining the ground mixture to obtain a precursor having the same compositon 
as that of the mixed sintered body M^Os • Y2O3. 

grinding the precursor obtained by the caldnation to adjust an average particle diameter of the precursor 

45 after grinding to an average partide diameter which is not more than that of the raw material Y2O3 as the raw mate- 
rial of Mi before mixing, molding the ground precursor into an artide having a predetermined shape, and calcining 
the article is a combination of the above production method (B) and (C). According to this method, since the uniform 
mixing of Wi^^^z and Y2O3 can be realized and a variation In composition of the mixed sintered body can be 
reduced in the molding and sintering as the following step, by atomizing the precursor M^l^ O3 . Y2O3 having flie 

50 same composition as that of the mixed sintered body to a level smaller than the average partide diameter of Y2O3 
as the raw material of M\ scatter in resistivity of the thermistor element can be reduced. 

That is, according to this element, scatter in resistivity of the thermistor element can be reduced to a higher level. 
£5 (Second aspect) 

The material of the above conventional thermistor element is a perfect solid solution having a perovsWte type struc- 
ture. In case of a YCrOa perovskite type material, the valence of a Y ion of A site or Cr of a B site ion is controlled by 
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other element ions so as to optionally control the resistivity and resistivity temperature coefficient. The present inventore 
have considered that the crystal structure becomes unstable by increasing the substitution element ions according to 
this method and it is difficult to satisfy the resistance characteristics which are liable to be contrary to each other. 
Hence the present inventors have decided to accomplish the above object by selecting the element capable of con- 
; trolling the resistivity and resistivity temperature coefficient of a wide-range type thermistor element which can maintain 
the stability of the crystal structure and realize the stability of the resistivity even in the heat history, in a small amount 
to be substituted. 

1) The present inventors have tested and studied various perovskite materials. As a result, it has been found that 
w a novel composition l^'{tw|2M3)03 [M' is at least one element selected from the elements of the groups II and IIIA 

excluding La In the Periodic Table, and and respectively represent at least one element selected from the 
elements of the groups MB. IIIB, IVA, VA, VIA. VIIA and VIII, wherein the relation of 1< b < 0.1 is satisfied when a 
molar fraction of is a, a molar fraction of IVI^ is b and a + b = 1 in (M^M^pg) is preferable as a material hav- 
ing resistivity characteristics which are suitable for accomplishing the above object. 
,5 Since La has high moisture absorption property, there is a problem that La reacts with water in the air to form 

an unstable hydroxide, which results in breakage of the thermistor element. Therefore, La is not used as M . 

This wide-range type thermistor element was incorporated into a temperature sensor and the resistivity char- 
acteristics of the element were examined. As a result, it could be confirmed that H is stable, that is. a change in 
resistivity is small even in the heat history from room temperature to 1 0OO'C and the resistivity is from 60 to 300 kft 
so within the temperature range from room temperature to lOOO-C. 

Therefore according to the above invention, it is possible to provide a wide-range type thermistor element 
which can delect a temperature ranging from room temperature to high temperature of lOOO'C and has stable 
characteristics that is. a change in resistivity is small even in the heat history from room temperature to lOOO'C. 

2) As a result of the study of the present inventors, regarding each element in the above perovskite compound 
M'(IW12m3)03. I^^ is preferably at least one element selected from Y, Ce. Pr. fMd. Sm. Eu, Gd. Dy, Ho. Er. Yb, Mg. 
Ca. Sr. Ba and Sc. and and preferably represent at least one element selected from Tl, V. Cr. Mn. Fe, Co. 
Ni Cu Zn Al. Ga. Zr. Nb. Mo, Zr, Hf, Ta and W. in view of practical use. 

" 3) Vuriherifiore ¥has been found thartheWve-effeclWbraciOT certainlyrif the relation of 1 <- 

b < 0.1 is satisfied when a molar fraction of m2 is a. a molar fraction of is b and a + b = 1 in perovskite com- 
pound fWlVM^M^Pa) where M'^ is Y comprises Cr and and is Ti, i.e.. Cr(l\/lnTi)03. 
4) In the sintering of the above compound m1(m2m3)03. a sintering auxiliary is added to improve the sintering prop- 
erty of the respective particles. As a result of the test and study of various sintering auxiliaries, it has been found 
that it is preferable to use a sintering auxiliary comprising at least one of CaO, CaC03 and CaSi03. and SiOg m 
case of the sintered body of the invention of this aspect. Consequently, according to this aspect, a thermistor ele- 
ment having excellent sintering density in the above compound M\M^M^)03 can be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a flow chart illustrating a production step of a thermistor element of Example 1 of the present invention. 
Fig. 2 is a schematic diagram illustrating the thermistor element in Example 1 . 
Fig. 3 is a schematic sectional view Illustrating a temperature sensor using the thermistor element of Fig. 2. 
Fig 4 is a schematic sectional view illustrating a metal pipe of the temperature sensor of Fig. 3. 
Figs. 5 to 25 are flow charts illustrating respectively a production step of thermistor elements of Examples 2 to 1 1 
and 15 to 25 of the present invention. 

DESCRIPTION OF THE PREFERRED Ef^BODIMENTS 
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(First aspect) 
50 (Fist embodiment) 

In t h e perovskite materia l M^M^Oa of th e pr ese nt i nv/ent i nn . thft ftlement can be selected, for example, from Mg. 

Ca Sr and Ba of the group IIA and Y Ce. Pr, Nd, Sm. Eu, Gd. Dy, Ho. Er. Yb and Sc of the group IIIA excluding U. 
" The element can be selected, for example, from Zn of the group IIB. Al and Ga of the group IIIB. Ti, Zr and Hf 
55 of the group IVA. V. Nb and Ta of the group VA. Cr, Mo and W of the group VIA. Mn, Tc and Re of the group VIIA. and 
Fe. Co, Ni, Ru. Rh, Pd. Os, Ir and Pt of the group VIII. 

The production step of the mixed sintered body mWO^ • Y2O3 is roughly divided into a first preparation step of 
obtaining M^M^Oa by calcination and a second preparation step of compounding the resulting M M O3 and Y2O3 to 
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form a mixed sintered body M^M^Og -7203,10 thereby obtain a thernistor element. ^ 
In the first preparation step. M^Og can be obtained by compounding an oxide of , {M^O,). and an oxide of M . 
(M20x). as the raw materials of and (compounding 1), mixing and grinding the mixture (mixing step) and calan- 
inqthe ground mixture (e.g. at about 1000 to ISOCC. etc.) (calcination step). 
5 When Mi is Y an oxide (M^OJ which does not contain Y but contains only M^. e.g. spinel compound 
(Mm gCri .5)04 wherein are Mn and Cr. may be obtained even if YM^O^ is not previously obtained in the first prep- 

^"^Tn^^second preparation step, the resulting M'M^O^ or M^O, is compounded with YjOg so that the desired resis- 
tivity and resistivity temperature coefficient are obtained (compounding 2). In the compounding of M O^ and Y2O3, the 

10 compounding is performed so that Y of Y2O3 is incorporated into the M^O, site in the solid state to form a perovskite 
compound YM^Os in case of the sintering described hereinafter. ^ ^, , m2 « 

in the compounding of M^M^O^ + Y2O3. or M^O, + Y2O3. an oxideof or or a double oxide of and M (e.g. 
■no, YTiO, etc ) may be further compounded so that the desired resistivity and resistivity temperature coeffiaent can 
be obtained Also, in this case, the compounding is performed so that or M^fromtheseadditives is incorporated into 

75 M^M^Oa in the solid state to form a perovskite compound M^M^Oa in case of the sintering described hereinafter (e.g. 

at1500°Cormore). _ .-ik.2r, v n /«r 

Then, a thermistor element of M'm'Os • Y2O3 is obtained by grinding the compounded mixture M M O3 + YgOg (or 
m20, + Y2O3) (grinding step) to form a powder, incorporating a lead wire of Pt, etc., molding the powder into an article 
having a predetemiined shape In a mold (molding step), and performing the above sintering (e.g. ISOCC or more, etc.) 

(sintering stj). in the above second preparation step, the sintering density is further improved by adding a sintering 
auxiliary comprising at least one of CaO. CaCOa and CaSiOa. and SiOa to the mixture M^M^Oa + YgOa. Consequently, 
the resistivity of the thermistor element can be stabilized and scatter in resistivity with a variation in sintenng tempera- 

ture can be reduced. 1*11*2^ *u 

The thermistor element thus obtained is a mixed sintered body prepared by unifomily mixing M M Oa as the per- 
ovskite compound and Y2O3 via grain boundaries. ...» ». 

The resulting thermistor element is incorporated into a typical temperature assay to obtain a temperature sensor. 
Then the temperature sensor was put in a high-temperature furnace and various charactenstics such as rKistivity. 
resistivity temperature coefficient p and change in resistivity A R in heat history from room temperature to 1000 C are 
measured within the range from room temperature (e.g. 27''C, etc.) to 1 0OO'C. 

B is represented by the equation: p (K) = ln(R/Ro)/(1/K - 1/Ko) . In the equation. In represents a common loga- 
rithm and R and Rn respectively represent a resistivity of the thermistor element at room temperature (300K) and that 
at lobo'C (1273K) in air. In addition, the change in resistivity A R represents a change in resistivity of the temperature 
sensor in a high-terrperature durability test wherein each temperature sensor is allowed to stand in the air at 1 1 0O'C 
for 100 hours, and is represented by the equation A R (%) = (R',/R,) x 100 - 100 . Incidentally. R, represents an initial 
resistivity at a predetermined temperature t (e.g. AOO'C. etc.. and R', represents a resistivity at a predetermined tem- 
perature t after standing for a predetermined time. , onnft*^ 
AS a result, it could be confirmed that R, is from 50 to 100 kn and p can be adjusted within the range from 2000 to 
4000Kand.furthermore. A R can realize a level of about few %. 

In order to realize ttie above Rt range and respective values of p and A R. more certainly, the molar fractions a and 
b in aM^M203 • bY203 preferably satisfy the relations 0.05 s a < 1 .0. 0 < b § 0.95 and a + b = 1 . 

Therefore according to this embodiment, it is possible to provide a wide-range type thermistor element which ran 
detect a temperature ranging from room temperature to high temperature of 1 0OO'C and has stable charactenstics, that 
is a change in resistivity is small even in the heat history from room temperature to 1 0OCC. 

Since ttie resistivity temperature coefficient p can be controlled to 2000-4000K smaller than that of a conventional 
thermistor element, scatter in resistivity with a variation in temperature can be reduced. , o 

This embodiment will be described in more detail by way of Examples 1 to 6 and Comparatve Examples 1 to 2 
described hereinafter. 

50 (Second embodiment) 

This second embodiment provides a method of producing a mixed sintered body M2O3 • Y2O3, and has first and 
second preparation steps, like the above first embodiment. Furthermore, the second embodiment has the following fea- 
ture, in addition to the above first embodiment. • j- ..^ » 
55 That is. in the above second preparation step, the average particle diameter of the resulting mixture is adjusted to 
an average particle diameter which is not more than that of Y2O3 before mixing in the step of mixing and gnnding 
M^M^O, or M^O, and Y203 (grinding step). Hereinafter, this aspect will be described, exclusively. 

The temperature accuracy of the temperature sensor made by incorporating the thermistor element of the above 
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first embodiment was examined. As a result, it has been found that the temperature accuracy varies with the sensor. 
The production method of this second embodiment is based on this finding. The evaluation of the temperature accuracy 
was performed as follows. 

That is a standard deviation a (sigma) of the resistivity at a predetermined temperature {e.g. 350''C, etc.) is calcu- 
5 lated from resistivity-temperature data of a lot of temperature sensors (e.g. 100 sensors, etc.). Using 6 a (standard devi- 
ation) as a scatter width (two sides), a value A obtained by dividing the value, calculated by this scatter width of the 
resistivity based on the temperature, by 2 is represented as "temperature accuracy ±A°C" and the accuracy is evalu- 
ated As a result, it has been found that the temperature accuracy ± A°C is ±20 to 30°C. 

On the other hand, the thermistor material was observed by SEM. EPMA, etc. As a result, it has been found that 
10 the average particle diameter (e.g. 2 to 5 pm. etc.) of M^M^Os obtained after calcination in the first preparation step is 
larger than the average particle diameter (e.g. 2 ^m or less, etc.) of Y2O3 to be mixed and, therefore, both components 
are not uniformly mixed to cause scatter in composition distribution of the mixed sintered body in the above embodi- 

"^^"Therefore. by changing the average particle diameter of mixtures M^M^Os + Y2O3. M^O^ + Y2O3. etc. after com- 
15 pounding and grinding in the second preparation step of the first embodiment, a relation between this average particle 
size and temperature accuracy ±A*>C was examined- As a result, It has been found that temperature accuracy ± A'-C 
can be reduced to ±10^*0 or less If the average particle diameter of the above mixture is adjusted to the average particle 
diameter (about 1 .0 (im) of Y2O3 before mixing. 

As a grinding means for reducing the average particle diameter, a medium stirring mill can be used. As a grinding 
20 means of the medium stirring mill, a ball (e.g. 1 mm 0 or less, etc.) made of ZrOa can be used. 

Therefore, according to this second embodiment, since uniform mixing can be realized by atomization of M M O3 
and Y2O3. or M^O, and Y2O3 and a variation in composition of the mixed sintered body M^M^Os-YaOs can be 
reduced, scatter In the resistivity of the thermistor element can be reduced. 

Accordingly, It is possible to provide a wide-range type thermistor element which can realize a sensor temperature 
25 accuracy better than a conventional level within the temperature range from room temperature to lOOO^C (a small scat- 
ter in temperature accuracy between sensors). , 
The second embodiment will be described in more detail by way of Examples 7 to 1 4 described hereinafter. 
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(Third embodiment) 

This third embodiment provides a method of producing a mixed sintered body M^m203 • Y2O3, and has first and 
second preparation steps, like the above first embodiment, but differs from the above first embodiment in the following 

respect 2 
That is. the third embodiment is characterized by mixing and grinding the raw material of and raw material of M 
to adjust the average particle diameter of this mixed grind to an average particle diameter which is not more than that 
of the raw material of before mixing and is not more than 0.5 ^im in the step of mixing and grinding the oxide of M 
(M^OJ and the oxide of (M^Ox) as the raw materials of and (mixing step) and calcining the mixed grind to 
obtain M^M^Og alone or a precursor M^M^O^ • Y2O3 of the mixed sintered body 

Accordingly, the method of producing the mixed sintered body M^M^Oa • Y2O3 in this embodiment includes two pro- 
duction methods wherein the calcined matter obtained in the first preparation is a precursor M^M^Os • Y2O3 having the 
same composition as that of the mixed sintered body, or M^M^Og alone. The former is a first production method 
whereas the latter Is a second production method. 

As described above, the precursor M^M^Og • Y2O3 Is that wherein Y2O3 containing excess Y in an amount larger 
than a stoichiometric amount (theoretical amount) is combined with M^M^Oa in the above M^hA^Oz (perovskite struc- 
45 ture), and has the same composition as that of the desired mixed sintered body 

There are some overlapped portions between this third embodiment and the above first embodiment. Therefore, 
the different portion will be described, exclusively. 

According to the first production method, in the first preparation step, those containing at least Y2O3 as the raw 
material of and an oxide of (M^O^) as the raw material of are compounded, mixed, ground and then calcined 
50 (e.g. 1 000 to 1 500°C. etc.) to obtain a precursor M'^M^Os * Y2O3. 

In case of the above mixing and grinding (mixing step), the average particle diameter of the mixed grind after grind- 
ing is adjusted to an average particle diameter which is not more than that of the raw material of before mixing and 
is not rnore than 0.5 pm by using a medium stirring mill described In the above second embodiment, and then tne mixed 
grind is calcined to obtain a precursor. 
55 Thereafter, in the second preparation step, the above precursor is compounded to the desired amount. After grind- 
ing and Incorporating a lead wire of Pt. the precursor Is molded into an article having a desired shape and then calcined 
(e.g.. at 1500°C or higher) to obtain a thermistor element of a mixed sintered body M^M O3 • Y2O3. ^ 
According to the second production method, in the first preparation step, an oxide of W (WOy,) and an oxide of M 
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(M^Ox) as the raw materials of and are compounded, mixed, ground and then calcined (eig. at about 1000 to 
1 SOO'^C, etc.) to obtain M''M^03. 

In case of the mixing and grinding (mixing step), the average particle diameter of the mixed grind after grinding is 
adjusted to an average particle diameter which is not more than that of the raw material of before mixing and is not 
5 more than 0.5 \im by using a medium stirring mill described in the above second embodiment 

Thereafter, in the second preparation step, M^M^Og and Y2O3 are compounded in a desired amount and then 
treated In the same manner as in the first production method to obtain a thermistor element of a mixed sintered body 

Consequently, since unifam mixing of the composition is realized by uniform atomization of the raw materials ot M 
10 and m2 reduction of a variation in M^M^Os formed after calcination and a mixed sintered body and inhibition of the 
existence of the unreacted raw material can be realized and scatter in the resistivity of the thermistor element can be 
reduced 

Accordingly, it is possible to provide a wide-range type thermistor element which can detect a temperature ranging 
from room temperature to high temperature of lOOO'^C and has stable characteristics, that is, a change in resistivity is 
15 small in the heat history from room temperature to 1000°C. 

In the first and second production methods, the grinding in the grinding step of the second preparation step may be 
grinding using a ball mill, but may also be performed by using a medium stin-ing mill, as in the second embodiment. 

That is. in the first production method, the precursor obtained by the calcination is mixed and ground to adjust the 
average particle diameter of the precursor after grinding to an average particle size which is not more than that of Y2O3 
before mixing In the first preparation step. On the other hand, in the second production method. M M O3 obtained by 
the calcination and Y2O3 are mixed and ground to adjust the average particle diameter of the precursor after grinding 
to an average particle size which Is not more than that of Y2O3 before mixing. ^ ^ 

Consequently, in the molding and calcining step as the post step of the grinding step, uniform mixing of M M O3 
and Y2O3 is performed. In addition to the abwe-described effect of the third embodiment of the present Invention, and 
a variation In composHion of the mixed sintered body is reduced. Therefore, scatter in the resistivity of the thermistor 
element can be reduced. 

Accordingly, scatter In resistivity of the thermistor element can be reduced to a higher level m comparison with the 
method of the second embodiment of the present invention, thereby making It possible to provide a wide-range type 
thermistor element with good sensor temperature accuracy (a small scatter in temperature accuracy between sensors). 
30 The temperature sensors using the wide-range type thermistor elements of the second and third embodiments of the 
present invention are suitable for use in map control devices to which high temperature accuracy is required, e.g. a tem- 
perature monitor for an oxygen sensor for automobile exhaust gas, etc. because the temperature accuracy is controlled 
within ±10**C or less. 

The third embodiment of the present invention will be described in more detail by way of Examples 15 to 20 and 
35 Comparative Example 3 described hereinafter. 

The above first embodiment, second embodiment and third embodiment of the present invention will be described 
in more detail by way of the following Examples 1 to 6 and Comparative Examples 1 and 2. Examples 7 to 14. and 
Examples 15 to 20 and Comparative Example 3. respectively, but the above respective embodiments are of course not 
limited to these Examples and Comparative Examples. 
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(Second aspect) 

The second aspect of the present invention will be described by way of the embodiment shown in the figure. 
In the perovskite material 1^1^1^2^3)03 of the present invention, the element of can be selected, for example, 
from Y, Ce. Pr, Nd, Sm, Eu. Gd. Dy. Ho. Er. Yb, Mg. Ca. Sr, Ba and Sc. The elements of and can be selected, for 
example, from Ti. V, Cr. Mn. Fe, Co. Ni, Cu, 2n, Al. Ga, Zr. Nb. Mo, Zr, Hf. Ta and W. 

In this embodiment, a wide-range thermistor element is produced by grinding this Mi(M2f^3)03) to form a powder, 
incorporating a lead wire of Pt. etc.. molding the powder into an article having a predetermined shape, and sintering the 
article 

The resulting thermistor is Incorporated Into a typical temperature assay to obtain a temperature sensor. Then, the 
temperature sensor was put in a high-temperature furnace and various characteristics such as resistivity, resistivity 
temperature coefficient p and change in resistivity A R in heat history from room temperature to 1000°C are measured 
within the range from room temperature (e.g. 27°C. etc.) to 1000°C. 

p Is represented by the equation: p (K) = In (R/Ro)/(1/K - 1/Ko) - In the equation. In represents a common loga- 
55 rithm. and R and Rq respectively represent a resistivity of the thermistor element at room temperature (300K) and that 
at 1000°C (1273K) in the air. In addition, the change in resistivity A R represents a change in resistivity of the temper- 
ature sensor in a high-temperature durability test wherein each temperature sensor is allowed to stand in the air at high 
temperature (e.g. 1100°C, etc.) for a predetermined time (e.g. 100 hours, etc.), and is represented by the equation 
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A R (%) = (R't/Rt) X 100 - 100 . Incidentally, Rt represents an initial resistivity at a predetennined temperature t {e.g. 
400^C. etc.. and R't represents a resistivity at a predetermined temperature t after standing for a predetermined time. 

The present inventors have studied the above respective characteristics of the thermistor elements using various 
M^(M2m^)03 and temperature sensors. As a result, it has been found that if b satisfies the relation: 0 < b < 0.1 when a 
5 is a molar fraction of M^. b is a molar fraction of and a and b satisfies the relation: a + b = 1 , it is possible to provide 
a wide-range type thermistor element which can detect a temperature ranging from room temperature to a high temper- 
ature of 1 000°C and has stable characteristics, that is, a change in resistivity is small in the heat history from room tem- 
perature to 1000°C. 

The present invention will be described in more detail by way of Examples 21 to 25 with respect to the compound 
10 represented by Y(CrMnTi)03 wherein is Y represents Cr and Mn, and is Ti, as the perovskite compound 

M^(M2m3)03. , 
In Examples 21 to 25. Y(CrMnTi)03 is represented as Y((CrMn)aTib)03. a mo! fraction of the total of Cr and Mn is 
represented as a, a mol fraction of Ti is represented as b and a + b = 1 . Then, the production is performed by changing 
the composition of the molar fractions a and b as shown in tables in which various resistance characteristics in each 
15 composition of the thermistor elements of the figures are listed. 

Examples 
(Example 1) 

20 

In Example 1 . a mixed sintered body of Y(Cro.5Mno.5)03 • Y2O3 is obtained from Y(Cro.5Mno.5)03, wherein Y was 
selected as M"" and Cr and Mn were selected as in M^'M^Oa, and Y2O3. 

A flow chart illustrating a production step of the thermistor element of Example 1 is shown in Fig. 1 . This production 
step is roughly divided into a first preparation step from compounding 1 to formation of Y(Cro.5Mno.5)03. and a second 
25 preparation step from compounding of the resulting Y(Cro.5Mno.5)03 and YaOs to completion of a thermistor element. 

In the first preparation step, Y2O3, CraOg and MnaOs (purity of all components is not less than 99.9%) are first pre- 
pared and then weighed so that a molar ratio Y:Cr:Mn becomes 2:1 :1 to make 500 g as the total amount (compounding 

^ ^ Using a resin pot (volume: 5 liter) containing AI2O3 or ZrOa pebbles having a diameter of 1 5 mm0 (2.5 kg) and peb- 
30 bles having a diameter of 20 mm0 (2.5 kg) as a ball mill to mix these weighed substances, the total amount of Y2O3. 
GraOs and MngOs is charged in the pot, in order to mix these weighed substances. After adding 1500 cc of purified 
water, the mixture was mixed at 60 rpm for 6 to 12 hours (mixing step). 

A mixed slun-y of Y2O3. Cr203 and MnaOa obtained after a mixing treatment is transferred to a porcelain evaporat- 
ing dish, and then dried by using a hot-air dryer at 150**C for 12 hours or more to obtain a mixed solid of Y2O3, Cr203 
35 and MngOa. Subsequently, this mixed solid is roughly ground by using a chaser mill and passed through a sieve (# 30 
mesh) to obtain a mixed powder of Y2O3, Cr203 and Mn203. 

In the calcination step, this mixed powder is charged in a crucible made cf 99.3% AI2O3 and then calcined in a high- 
temperature oven in the air at 1 100 to ISOO^'C for 1 to 2 hours to obtain Y(Cro.5Mno.5)03. Y(Cro.5Mno.5)03 as a bulk 
solid obtained in the calcination was roughly ground by using a chaser mill and passed through a sieve (# 30 mesh) to 
40 obtain a powder. 

This Y(Cro.5Mno.5)03 shows low resistivity and a low resistivity temperature coefficient at 1000 to 4000K when 
used alone as a thermistor material. As a wide-range type thermistor material, this Y(Cro.5Mno.5)03 and Y2O3. as mate- 
rials for stabilizing the resistivity of the thermistor, are used. 

In the second preparation step, for the purpose of obtaining a desired resistivity and a desired resistivity tempera- 
45 ture coefficient, Y(Cro sMno 5)03 and commercially available Y2O3 (purity: 99.9% or more) are first weighed so that a 
compounding ratio (molar fraction) of Y(Cro.5Mno.5)03 and YgOg becomes 38:62. to make 500 g as the total amount. 

When the molar fraction of Y(Cro.5f^no.5)03 and that of Y2O3 are a and b (a + b = 1 ), respectively, a and b con-e- 
spond to the above compounding molar ratio and, therefore, a « 0.38 and b = 0.62, 

In case of the sintering, SiOg and CaCOg. which are converted into a liquid phase within the range from 1500 to 
50 1650°C, are used as a sintering auxiliary and Si02 and CaCOg are added in an amount of 3% by weight and 4.5% by 
weight, respectively, based on the total amount (500 g) of the above Y(Cro.5Mno.5)03 and Y2O3 (compounding 2). 

In th e following gr i nding st e p (m i x i ng/gr i nd i ng i n thefigure). the above YCCro.sMnQ.sjOs . YgO g. SiO g and CaCO a are 

charged in a resin pot (volume: 5 liter) containing AI2O3 or ZrOg pebbles having a diameter oi150 (2.5 kg) and pebbles 
having a diameter of 20 0 (2.5 kg), in order to mix these weighed substances. After adding 1500 cc of purified water. 
55 the mixture was mixed at 60 rpm for 4 or more hours and then ground. 

In the above grinding step, polyvinyl alcohol (PVA) as a binder is added to the solid content of Y(Cro.5Mno.5)03 and 
Y2O3 in an amount of 1 g per 100 g of a mixed powder of Y(Cro.5Mno.5)03 and Y2O3 while mixing, followed by grinding. 
A mixed ground slurry of Y(Cro.5Mno 5)03 and Y2O3 obtained after mixing and grinding Is granulated and dried by 
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. usingaspraydryertoobtainamixedpowderofY(Cro.5Mno.5)03andYAm"iix^ 

IH'hTfollowing molding step (molding), using this thermistor raw material and a lead wire i^^^'^ ^^^JP^' 
platinum)) having a size of 0.3 mm0 in outer diameter x 1 0.5 mm in length, the lead w.re .s inserted and the therrm|tor 
5 S mSal is molded in a mold having an outer diameter of 1.74 mm0 under a pre^ure of abO"t \000 kgWcm to 
SLra molded article of a thermistor element (provided with a lead wire) havmg an outer d'ameter of1^^^^^^ 

in the sintering step, the molded article of the thermistor element is arranged on a corrugated setter made d A^^^^^^ 
and Sen sintered in the air at 1400 to leoCC fori to 2 hours to obtain a thermistor element havng an outer diameter 
of 1.60 mm0 of a mixed sintered body aY(Cro.5Mno.5)03-bY203. , „ loaH «,irp«; ii 12 are 

10 The resulting thermistor element 1 is shown in Fig. 2. The respective ends of two parallel lead wires 11.12 are 
embSdJd in a ?/lindrical element portion 13 having an outer diameter of 1.60 mm0 . This thermistor element l is 
incorporated into a typical temperature sensor shown in Fig. 3 and Fig. 4 to give a temperature sensor. 
The thermlstorelementi is disposed inacylindricalheat-resistant metal case2, as shownn 

1 1 12 areTespectively connected to lead wires 31 , 32 which pass through a metal pipe 3. As shown m Fig^ 4. the metal 
,5 ipe 3 fs f ilISS a magnesia powder 33 to secure the insulating properties of the lead wires 31 , 32 .n the metal pipe 
In c;uch wav the temoerature sensor is constructed. 
In thSmSe Examples 2 to 20 and Comparaf^e Examples 1 to 3. thermistor elements and temperature sen- 
sors to be made ha;e theTame structure as that of thermistor elements and temperature sensors shown .n Fig. 2 to 
F^I and me description will be omrtted. Incidentally, the material composition of a mixed sintered body constrtuting 
Pfi thP element Dortion 13 varies with each Example, as a matter of course. . » . ^ 

t rtherrSoTe in the above second preparation step. Y(Cro.aMno.s)03 and Y.Oa are weighed so jor^^^^^^^^^ 
Ina molar ratio Y(Cro Mr^o siO^^zO^ becomes 95:5 and 5:95. Then, a thermistor element is made in the same proce- 
ure^^iScribi atove a^^^^ is incorporated into a temperature sensor. The re^ective e'en;«;ts erf tf.s E«^^^^^^ 
referred to as an element No. 1. an element No. 2 and an element No. 3 in the sequence of the compounding molar 

2S ratio (corresponding to a:b) of Y(Cro 5Mno.5)03 and Y2O3, e.g. 38:62. 95:5 and 5:95. 

T ter^, eratuJe sensors made by incorporating the elements No. 1 to No. 3 were put in a high-ten^erature oven 
and tempeSure characteristics of the resistivity were evaluated wrthin the range from room temperature (27»C) to 
1 0OO^C. The evaluation results are shown in Table 1 . 
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Table 



( Example 1 ) 




Na 


Raw material composition 
(mol %) 


Resistivity (kn ) 


Resistivity tempera- 
ture coefficient (K) 


Change in resis- 
tivity (%) 




Y(Cro.5Mno.5)03 


Y2O3 


Room tempera- 
ture (27°C) 


lOOO^C 






1 


38 


62 


50 


0.14 


2450 


-5.0 


2 


95 


5 


30 


0.10 


2240 


^4!o 


3 


5 


95 


100 


0.20 


2440 


.4.0 



As shown in Table 1 . the wide-range type thermistor element o Example 1 ^^ow^ ° ^0 to 1^ ^ 
required as a temperature sensor within the range where the molar fraction ( a * b = 1 ) of «Y(CrMn)03 ' bY^O^^^^ 
the relations- 0.05 - a < 1 and 0 < b - 0.95. and also shows a resistivrty temperature coefficient p of 2000 to 4OO0K^ 
andtt i^ possible to widely control the resistivity and resistivity temperature coefficient. Therefore, it .s possible to detect 
a temperature ranging from room temperature to high temperatiire of lOOO'C. „x.^,u„ 

As!sapparemfromtheresultsofthehigh-temperaturedurabilitytest(changeinresi^^^^^^ 
mistor material having stable characteristics (e.g. small change in resistivity), etc.) can be provided. 

(Example 2) 

In Example 2. a mixed sintered body of Y(Cro.5Mno.5)03 • YsOs is obtained fram [Mr^.^r, -sJO^J^d YaOa. In 
Example, since Y of Y2O3 is incorporated into (l^n,.5Cri.5)04 in the solid state. Y is selected as and Cr and Mn are 

'''"^t^o^'charJ M^g a production step of the thermistor element of Example 2 is shown in Fig. 5^ 

step is roughly divided into a first preparation step from compounding 1 to formation of (Mni sCri.s)©*. and a second 
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preparation step from compounding (compounding 2) of the resulting (Mni gCri 5)04 and Y2O3 to completion of a ther- 
mistor element 

In the first preparation step. CrgOg and MngOa (purity of all components is not less than 99.9%) are first prepared 
and then weighed so that a molar ratio Cr:Mn becomes 1 :1 to make 500 g as the total amount (compounding 1). 

5 Subsequently. CrgOa and Mn203 as compounded are subjected to a treatment such as mixing, drying, grinding, fir- 
ing, etc. in the same manner as in Example 1 to obtain (Mni.5Cri.5)04. Then, (Mni .5^1.5)04 is roughly ground and 
passed through a sieve (# 30 mesh) to obtain a powder. As a wide-range type thermistor material, this (Mni.sCri ,5)04 
and Y2O3 as a material for stabilizing the resistivity of the thermistor are used. 

in the second preparation step, for the purpose of obtaining the desired resistivity and resistivity temperature coef- 

10 ficient. (Mni sCr^ 5)04 and Y2O3 are first weighed so that a compounding molar ratio of (Mni.sCri 5)04 and Y2O3 
becomes 14:86, to make 500 g as the total amount. In the same manner as in Example 1 . a sintering auxiliary is added 
(compounding 2). 

Subsequently. (Mn^ 5Cri,5)04 + Y2O3 + Si02 + CaCOs as compounded are mixed, ground, granulated, dried, 
molded and sintered in the same manner as in Example 1 to obtain a thermistor element having Y(Cro.5Mno.5)03 and 
15 Y2O3 as an element portion, which is then incorporated into a temperature sensor. 

Furthermore, in the above second preparation step, (Mni .5Cri .5)04 and Y2O3 are weighed so that a compounding 
molar ratio of (Mni .sCr^ .5)04 and Y2O3 becomes 38:62 and 3:97. Then, a thermistor element is made in the same pro- 
cedure as described above and is incorporated into a tenfiperature sensor. The respective elements of this Example are 
referred to as an element No. 4, an element No. 5 and an element No. 6 in the sequence of the compounding molar 
20 ratio of (Mni gCri 5)04 and Y2O3. e.g. 14:86, 38:62 and 3:97. 

As described above, in this Example, Y of Y2O3 is incorporated into (Mn^ 5Cri ,5)04 in case of mixing and sintering 
and excess oxygen atoms are liberated in the air. As a result. aY(Cro.5Mno.5)03 • bYgOs as a mixed sintered body of 
perovskite type Y(Cro sMno 5)03 and Y2O3 is obtained. 

Therefore, the ratio of the molar fraction a:b of aY(Cro.5Mno.5)03 • bYaOa in this Example is slightly larger than a 
25 compounding molar ratio of the above (Mn^gCri 5)04 and Y2O3. For example, even H the compounding molar ratio is 
3:97. a g 0.05 and b ^ 0.95. This fact has already confirmed by the examination of the composition and construction of 
the mixed sintered body by using SEM, EPMA. etc. 

Then, the temperature sensors made by incorporating the elements No. 4 to No 6 were put in a high-temperature 
oven and temperature characteristics of the resistivity were evaluated within the range from room temperature (27°C) 
30 to 1 000°C in the same manner as in Example 1 . The evaluation results are shown in Table 2. 



Table 



(Example 2 > 


No, 


Raw material composition 
(mol %) 


Resistivity (kn ) 


Resistivity tempera- 
ture coefficient (K) 


Change in resis- 
tivity (%) 




(Cri.5Mni.5)04 


Y2O3 


Room temperature 
(27°C) 


1000*^0 






4 


14 


86 


60 


0.15 


2350 


-7.0 


5 


38 


62 


40 


0.11 


2300 


-5.0 


6 


3 


97 


100 


0.22 


2400 


-5.0 



As shown in Table 2, the wide-range type thermistor element of Example 2 can realize the same effect as that 
described in Example 1 within the range where the molar fraction (a + b = 1 ) of aY(Cro.5Mno.5)03 • bYgOs satisfy the 
relations: 0.05 ^ a < 1 and 0 < b ^ 0.95. 



so (Example 3) 

In Example 3. a mixed sintered body of Y(CrMnTi)03 and YgOs is obtained from Y(Cro.5Mno.5)03 and Y2O3. 

Y(CrMnTi)03 has a perovskite structure and the composition ratio of each atom is a stoichiometric ratio, e.g. 
Y(Cro 45Mno 45Tio 1)03. The same rule applies correspondingly to the following each Y(CrMnTi)03. 

55 In this Example, since Ti of T1O2 is incorporated into Y(Cro.5Mno.5)03 in the solid state in case of mixing and sin- 
tering, Y is selected as M"* and Cr, Mn and Ti are selected as in M^I^^Os. 

A flow chart illustrating a production step of the thermistor element of Example 3 is shown in Fig. 6. This production 
step is roughly divided into a first preparation step from compounding 1 to formation of Y(Cro.5Mno.5)03. and a second 
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10 



15 



20 



preparation step from compounding (compounding 2) of the resulting Y(Cro.sMno.5)03. YgOg and T.O2 to completion of 
a tfiermistor element. 

The first preparation step is the same as that of Example 1 and is omitted in this Example. As a wide-range type 
thermistor material of this Example, this YtCrcsMno sPg. Y2O3 as a material for stabilizing the resistivity of the ther- 
mistor and TiOs (additive) as a resistance for adjusting the resistivity. 

In the second preparation step, for the purpose of obtaining desired resistivity and resistivity temperature coeffi- 
cient Y(Cro sMno sA. Y2O3 and TiOa are first weighed so that a molar ratio Y(Cro.5Mno.5)03:Y203:Ti02 becomes 
37:59:4 to mal<e 500 g as the total amount (compounding 1 ). In the same manner as in Example 1 . a sintering auxiliary 
is added (compounding 2). ' . . ^ ^ ....j 

Subsequently. Y(Cro gMno + Y2O3 + T1O2 + SiOj + CaCOs are compounded, mixed, grourid. granulated, 
dried, molded and fired in the same manner as in Example 1 to obtain a thermistor element having Y(CrMnTi)03 • Y2O3 
as ari element portion, which is then incorporated Into a temperature sensor. 

Furthermore, in the above second preparation step. Y(Cro.5Mno.5)03, Y2O3 and TiOj are weighed so that a com- 
pounding ratio Y(Cro 5lVlno,5)03:Y203:Ti02 becomes 87:5:8 and 5:94.5:0.5. Then, a themiistor element is rnade in the 
same procedure as described above and is incorporated into a temperature sensor. The respective elements of this 
Exanple are referred teas an element No. 7. an element No. 8 and an element No. 9 in the sequence of the molar ratio 
Y(Cro5Mno5)03:Y203:Ti02. e.g. 37:59:4, 87:5:8 and 5:945:0.5, 

The molar fraction (a. b) of aY(CrMnTi)03 • bYgOg constituting each element of Example 3 is the same as a ratio 
of Y(Cro sMno 5)03:Y203 in the compounding ratio. In this connection, at (a + b = 1 ) of the element No. 7. that of the 
element No 8 and that of the element No. 9 are 0.39:0.61 . 0.95:0.05 and 0.05:0.95. respectively. 

Then the temperature sensors made by incorporating the elements No. 7 to No. 9 were put in a high-temperature 
oven and temperature characteristics of the resistivity were evaluated within the range from room temperature (27"'C) 
to 100O°C in the same manner as in Example 1 . The evaluation results are shown in Table 3. 
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30 



35 



40 



Table 



(Examples) 




No. 


Raw material composition (mol %) 


Resistivity (kO ) 


Resistivity tem- 
perature coeffi- 
cient (K) 


Change in resis- 
tivity {%) 




Y(Cro.5Mno.5)03 


Y2O3 


TiOs 


Room tempera- 
ture (27«C) 


1000°C 






7 


37 


59 


4 


50 


0.16 


2250 


-5.0 


8 


87 


5 


8 


30 


0.10 


2240 


-4.0 


9 


5 


94.5 


0.5 


100 


0.18 


2480 


-4.0 



As shown In Table 3, the wide-range type thermistor element of Example 3 can realize the same effect as that 
described in Example 1 within the range where the molar fraction (a + b = 1 ) of aY(CrMnTl)03 • bYaOa satisfy the rela- 
tions: 0.05 ^ a < 1 and 0 < b s 0.95. 
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(Example 4) 

In Example 4. a mixed sintered body of Y(CrMnTl)03 • Y2O3 is obtained from Y(Cro.5Mno.5)03, Y2O3 and YTiOs. In 
this Example, since Y and Ti of YT1O3 are incorporated into Y(Cro.5Mno.5)03 in the solid state in case of mixing and 
sintering Y is selected as and Cr, Mn and Ti are selected as in M^M^Oa- 

A flow chart illustrating a production step of the thermistor element of Example 4 is shown in Fig. 7. This production 
step is roughly divided into a first preparation step from compounding 1 to formation of Y(Cro.5Mno.5)03. a second prep- 
aration step from compounding (compounding 2) of the resulting Y(Cro.5Mno.5)03. Y2O3 and YTiOg to completion of a 
thermistor element and a third preparation step of obtaining YTiOa to be fed to the second preparation step (from com- 
pounding 3 to YTiOa in the figure). 

The first preparation step is the same as that of Example 1 and is also omitted in this Example. In the third prepa- 
ration step, Y2O3 and T1O2 (purity of all components is not less than 99.9%) are first prepared and then weighed so that 
a molar ratio of Y:Ti becomes 1 :1 to make 500 g as the total amount (compounding 3). 

Using a resin pot (volume: 5 liter) containing AI2O3 or ZrOg pebbles having a diameter of 1 5 0 (2.5 kg) and pebbles 
having a diameter of 20 0 (2.5 kg) as a ball mill to mix these weighed substances, the total amount of Y2O3 and T1O2 
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is charged in the pot, in order to mix these weighed substances. After adding 1500 cc of purified water, the mixture was 
mixed at 60 rpm for 6 hours (mixing step). 

A mixed slurry of YgOg and TiOa obtained after a mixing treatment is transferred to a porcelain evaporating dish, 
and then dried by using a hot-air dryer at ISO'-C for 12 hours or more to obtain a mixed solid of Y2O3 and TiOa- Subse- 
5 quently, this mixed solid is roughly ground by using a chaser mill and passed through a sieve (# 30 mesh) to obtain a 
mixed powder of Y2O3 and TiOg. 

In the calcination step, this mixed powder is charged in a crucible made of 99,3% AI2O3 and then calcined m a high- 
temperature oven in the air at 1 100 to 1300^0 for 1 to 2 hours to obtain YTiOs- YTiOa as a bulk solid obtained in the 
calcination was roughly ground by using a chaser mill and passed through a sieve (# 30 mesh) to obtain a powder 
w As a wide-range type thermistor material of this Example, YiCro.sMno.slOs obtained in the first preparation step, 
Y2O3 and YTi03 (additive) are used. 

In the second preparation step, for the purpose of obtaining desired resistivity and resistivity temperature coeffi- 
cient. Y(Cro5Mno5)03. Y2O3 and YTiOs are first weighed so that a compounding molar ratio 
Y(Cro sMno 5)O3:Y2O3:YTi03 becomes 37:60:3 to make 500 g as the total amount (compounding 1). In the same man- 
15 ner as in Example 1 , a sintering auxiliary is added (compounding 2). 

Subsequently. Y(Cro.5Mno.5)03 + Y2O3 + YTiOs Si02 + CaCOs are compounded, mixed, ground, granulated, 
dried, molded and fired in the same manner as in Example 1 to obtain a thermistor element having Y(CrMnTi)03 • Y2O3 
as an element portion, which is then incorporated into a temperature sensor. 

Furthermore, in the above second preparation step. Y(Cro.5Mno.5)03. Y2O3 and YTiOs are weighed so that a com- 
20 pounding ratio of Y(Cro.5Mno.5)03:Y203:YTi03 becomes 87:6:3 and 5:94.7:0.3. Then, a thermistor element is made in 
the same procedure as described above and is incorporated into a temperature sensor. TTie respective elements of this 
Example are referred to as an element No. 1 0, an element No. 1 1 and an element No. 12 in the sequence of the molar 
ratio Y(Cro sMno 5)03:Y203:YTi03, e.g. 37:60:3. 87:6:3 and 5:94.7:0.3. 

In each element of Example 4. since incorporation of Y and Ti of YTiOs in the solid state arises, as described 
25 above, the molar fraction (a. b) of aY(CrMnTi)03 • bYaOs in each element is slightly larger than a ratio of 
Y(Cro sMno 5)03:Y203 in the conpounding molar ratio, but is almost the same. 

Then, the temperature sensors made by incorporating the elements No. 10 to No. 12 were put in a high-tempera- 
ture oven and temperature characteristics of the resistivity were evaluated within the range from room temperature 
(27°C) to 1000**C in the same manner as in Example 1 . The evaluation results are shown in Table 4. 

30 



Table 



(Example 4) 


No. 


Raw material composition (mol %) 


Resistivity (kn ) 


Resistivity tem- 
perature coeffi- 
cient (K) 


Change in resis- 
tivity (%) 




Y(Cro.5Mno.5)03 


Y2O3 


YTiOa 


Room tempera- 
ture (27*»C) 


1000°C 






10 


37 


60 


3 


50 


0.17 


2230 


-5.0 


11 


87 


6 


3 


30 


0.11 


2200 


-4.0 


12 


5 


94.7 


0.3 


100 


0.20 


2440 


-4.0 



45 

As shown in Table 4, the wide-range type thermistor element of Example 4 can realize the same effect as that 
described in Example 1 within the range where the molar fraction (a + b = 1 ) of aY(CrMnTi)03 • bY203 satisfy the rela- 
tions: 0.05 ^ a < 1 and 0 < b ^ 0.95. 

50 (Example 5} 

In Example 5. a mixed sintered body of Y(CrMnTI)03 * YgOa is obtained from (Mn^. 5^1.5)04. YgOa and TiOg. In 

this Example, since Y of Y2O3 and Ti of Ti02 are incorporated into (Mni,5Cri .5)04 in the solid state in case of mixing 
and sintering, Y is selected as and Cr. Mn and Ti are selected as in M^Os. 

55 A flow chart illustrating a production step of the thermistor element of Example 5 is shown in Fig. 8. This production 
step is roughly divided into a first preparation step from compounding 1 to formation of (Mn^ 5Cri,5)04 and a second 
preparation step from compounding (compounding 2) of the resulting (Mn^ sCri 5)04. Y2O3 and TiOa to completion of 
a thermistor element. 
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15 



20 



25 



The first preparation step is the same as that of Example 2 and is omitted in this Example. As a wide-range type 
thermistor material of this Example, the above (Mni . 5^1.5)04. Y2O3 and TiOa (additive) are used. 

In the second preparation step, for the purpose of obtaining desired resistivrty and resistivity temperature coeffh 
cient <Mn, ^Cfi s)0.. Y2O3 and TiOg are first w/eighed so that a compounding molar ratio of (Mn, .sCr, 5)04. Y2O3 ana 
TO^ecor^es 12S make 500 g as the total amount. In the same manner as in Example 1 . a sintering auxiliary 

''iutCn!rSsCr,.)04.Y.03.TiO..S^^^ 

molded and calcined in the same manner as in Example 1 to obtain a thermistor element having YCCrMnTDOg YA 
as an element portion, which is then incorporated into a temperature sensor. . . ^ ,^ , 

Furthermore in the above second preparation step. {Mn,.^r,,^)0,. Y2O3 and T1O2 are weighed so that a com- 
pounding Zr ratio Of (Mn, 5)04. Y2O3 and TiO^ becomes 36:61 :3 and 4:95.7:0.3. Then, a thermistor element is 
made in the same procedure as described above and is incorporated into a temperature sensor. TTie respective ele- 
mfni d ExamSe 5 are referred to as an element No. 13. an element No 14 and an element No 15 in the sequer^ce 
of the compounding molar ratio (Mni.5Cri .5)04:Y203: TlOg. e.g. 12:84:4. 36:61 5 and 4^5.7:^3. 

As described above, in Example 5. Y of Y2O3 and Ti of T.O^ are incorporated into (^"1.50^15)04^ the sohd state 
in case of mixing and sintering and excess oxygen atoms are liberated in the air. As a result, aY(CrMnTiP3 • bYgOa as 
a mixed sintered body of perovskite type Y(CrMnTi)03 and YgOs. 

TherS^he rL oJthe molarTaction a:b of aY(CrMnT.)03 • bY^Oa in Example 5 is slightly larger than a com- 
pounding molar ratio of the above (Mni.5Cri.5)04:Y203. For example, even if the compounding molar ^^^^ 
I 0.05 and b £ 0.95. This fact has already confirmed by the examination of the composition and construction of the 
mixed sintered body by using SEM, EPMA, etc. 

the temperature sensors made by incorporating the elements No. 13 to No. 15 were put in a high-tempera- 
ture oven" and temperature characteristics of the resistivity were evaluated within the range from room temperature 
(27°C) to 1000°C in the same manner as in Example 1. The evaluation results are shown in Table 5. 

Table 



(Examples) 






No. 


Raw material composition (mol %) 


Resistivity (kn ) 


Resistivity tem- 
perature coeffi- 
cient (K) 


Change in resis- 
tivity (%) 




(Cri.5Mni,5)04 


Y2O3 


Ti02 


Room tenpera- 
ture (27°C) 


lOOO^C 






13 


12 


84 


4 


60 


0.15 


2350 


-5.0 


14 


36 


61 


3 


40 


0.11 


2300 


-4.0 


15 


4 


957 


0.3 


100 


0.22 


2400 


-4.0 
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AS shown in Table 5. the wide-range type thermistor element of Example 5 can realize the same effect as that 
deserts ^Example 1 wrthin the range where the molar fraction ( a + b = 1 ) of aY(CrMnTl)03 • bY^Os sat,sfy the rela- 
tions: 0.05 s a < 1 and 0 < b s 0.95. 



A5 (Example 6) 

In Example 6, a mixed sintered body of Y(CrMnTi)03 • Y2O3 is obtained from (Mni.5Cri.5)04. Y2O3 and YTiOa. In 
this Example, since Y and Ti of YTiOj are incorporated Into (Mni gCri 5)04 in the solid state in case of mixing and sin- 
terina Y is selected as Wl^ and Cr. Mn and Ti are selected as in M M O3. 

A flow chart illustrating a production step of the thermistor element of Example 6 is shown n Fig. 14. This produc- 
tion step is roughly divided into a firet preparation step from compounding 1 to formation of (ivln, .5^1.5)04. a secona 
preparation step from compounding (compounding 2) of the resulting (Mm ,^Zr, .5)04. Y2O3 and YT1O3 to completion d 
a SSermistor element and a third preparation step of obtaining YTiOg to be fed to the second preparation step (from 
compounding 3 to YT1O3 in the figure). , . 4.,no 

The first preparation step is the same as that of Example 2 and is omitted in this Example. As a wjde-range type 
thermistor material of this Example, m,,^O,£)0^ obtained in the first preparation step, Y2O3 and YTiOs (addrtive) 
obtained in the third preparation step are used. ^a-^i 
m the second preparation step, for the purpose of obtaining desired resistivity and resistivity temperature coeffi- 
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cient (Mni sCn 5)64 YoOg and YTiOs are firet weighed so that a compounding molar ratio of (Mni jCri .5)04, YgOg and 
YTio's becomes' 13:84:3, to make 500 g as the total amount. In the same manner as in Example 1 , a sintenng auxiliary 
is added (compounding 2). 

Subsequently. (Mn^ 5Cri.5)04 + Y2O3 + YTiOa + SiOa + CaCOg are compounded, mixed, ground, granu ated, 
dried, molded and caldned in the same manner as in Example 1 to obtain a thermistor element having Y(CrM- 
nTi)0, • Yi,Oa as an element portion, which Is then incorporated into a temperature sensor. 

Furthermore, in the above second preparation step, (Mni.5Cri .5)04. Y2O3 and YTiOa are weighed so that a com- 
pounding molar ratio of (Mn^ sCr, 5)04. Y2O3 and YTiOa becomes 37:61 :2 and 4:95.8:0.2. Then, a thermistor element 
is made in the same procedure as described above and is incorporated into a temperature sensor. 

The respective elements of Example 6 are referred to as an element No. 1 6. an element No. 1 7 and an element No^ 
18 in the sequence of the compounding molar ratio of Y(Cri.5Mni.5)O4:Y203:Yn03, e.g. 13:84:3. 37:61:2 and 
4*95 8*0 2 

AS described above, in Example 6. Y of Y2O3 and Ti of YTiOa are incorporated into (Mn^ .gCri .5)04 in t^f solid state 
in case of mixing and sintering and excess oxygen atoms are liberated into the air. As a result. aY(CrMnTi)03 • bYgOs 
as a mixed sintered body of a perovskite type Y(CrMnTi)03 and Y2O3. 

Therefore the ratio of the molar fraction a:b of aY(CrMnTi)03 • bYgOs in Example 6 is slightly larger than a com- 
pounding molar ratio of the above (Mni .5Cri.5)04:Y203. For example, even if the compounding molar rato is 4:95 8 a 
^ 0.05 and b ^ 0.95. This fact has already confirmed by the examination of the composition and construction of the 
mixed sintered body by using SEM, EPMA, etc. 

Then the temperature sensors made by incorporating the elements No. 16 to No. 18 were put in a high-tempera- 
ture oven' and temperature characteristics of the resistivity were evaluated within the range from room temperature 
(27°C) to 1000°C in the same manner as in Example 1 . The evaluation results are shown in Table 6. 
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Table 



(Examples) 




No. 


Raw material composition (mol %) 


Resistivity (kO ) 


Resistivity tem- 
perature coeff 1- 
cient(K) 


Change in resis- 
tivity (%) 




(Cri.5Mni.5)04 


Y2O3 


YT1O3 


Room tempera- 
ture (27°C) 


lOOO^C 






16 


13 


84 


3 


58 


0.15 


2340 


-5.0 


17 


37 


61 


2 


35 


0.11 


2260 


-4.0 


18 


4 


95.8 


0.2 


100 


0.20 


2440 


-4.0 



As shown in Table 6. the wide-range type thermistor element of Example 6 can realize the same effect as that 
described in Example 1 within the range where the molar fraction (a + b = 1 ) of aY(CrMnTi)03 • bYsOg satisfy the rela- 
tions: 0.05 s a < 1 and 0 < b § 0.95. 



45 



(Comparative Example 1) 

As Comparative Example 1, a temperature sensor using a thermistor element having the composition of 
Y(Cro sMnn 5)03 alone without using Y2O3 for stabilizing the resistivity will be described. 

In the same manner as in Example 1 . Y(Cro.5Mno.5)03 is obtained. A temperature sensor using Y(Gro.5Mno.5)03 
prepared as a raw material was evaluated. The results are shown in Table 7. The resistivity characteristics were evalu- 
ated in the same manner as in Example 1 . 
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Table 





(Example 7) 




5 


Composition of ele- 
ment portion 


Resistivity (kO ) 


Resistivity temper- 
ature coefficient 
(K) 


Change in resistiv- 
ity (%) 




70 




Room temperature 
(27*^0) 


lOOO'^C 










Y(Cro.5Mno.5)03 


10 


0.05 


2080 


-20.0 


Comparative 
Example 1 


15 


YT1O3 


>1000 


0.2 


12200 


-40.0 


Comparative 
Example 2 



As is apparent from Table 7. in case that Y2O3 for stabilizing the resistivity is not used, the resistivity at high tem- 
perature range (e.g. lOOO'-C. etc.) is too low and, therefore, the temperature cannot be detected. As is also apparent 
20 from the results of the high-temperature durability test (change in resistivity), the change in resistivity A R exceeds 
±20% and. therefore, a wide-range thermistor element having stable characteristics can not be provided. 

Accordingly, the thermistor element having the composition of Y(Cro.5Mno.5)03 alone in Comparative Example 1 
cannot be used as the element of the desired temperature sensor of the present invention. 

25 (Comparative Example 2) 

As Comparative Example 2, a temperature sensor using a thermistor element having the composition of YT1O3 
alone without using Y2O3 for stabilizing the resistivity will be described. 

In the same manner as in Example 4, YT1O3 is obtained. A temperature sensor using YTlOj prepared as a raw 
material was evaluated. The results are shown in Table 7. The resistivity characteristics were evaluated m the same 

manner as in Example 1 . i. • * 1 

As is apparent from Table 7, in the thermistor element having the composition of YT1O3 alone, the resistivity at low 
temperature range (e.g. 27=»C. etc.) is remarkably large (e.g. 1000 ka or more), etc.) and, therefore, the temperature 
cannot be detected. As Is also apparent from the results of the high-temperature durability test, the change in resistivity 
A R exceeds ± 20% and, therefore, a wide-range thermistor element having stable characteristics cannot be provided. 
Accordingly, the thermistor element having the composition of YTi03 alone can not be used as the element of the 
desired temperature sensor of the present invention. 
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(Example 7) 



In Example 7, as the raw material for obtaining a mixed sintered body (M^ = Y, = Cr, Mn) of Y(Cro,5Mno.5)03 and 
Y2O3, Y{Cro sMno 5)03 is first prepared. A flow chart illustrating a production step of the thermistor element of Example 
7 is shown in Fig. 10. This Example relates to a production method according to the above second aspect. 

As the starting material. Y2O3. CraOs and Mn203, high purity (99.9%) raw materials are used. The average particle 
diameter of Y2O3. that of Cr^O^ and that of Mn203 are 1 .0 Mm. 2.0 to 4.0 ^lm and 7.0 to 1 5.0 jim. respectively. The aver- 
age particle diameters of the respective raw materials were the same as those in the following Examples B to 20 as well 
as Comparative Examples 1 and 2. r\ itnt \ 

In the first preparation step (from compounding 1 to Y(Cro.5Mno.5)03 in the figure), Y2O3 (268.8 g). CrgOg (101 g) 
and MngOa (104 g) are weighed so that a molar ratio (Y:Cr:Mn) becomes 2:1 :1 (compounding 1). 

Using a resin pot (volume: 5 liter) containing AI2O3 or ZrOa pebbles having a diameter of 150 (2.5 kg) and pebbles 
having a diameter of 20 0 (2.5 kg) as a ball mill to mix these weighed substances. Y2O3, CrgOs and MnzOz are charged 
in the pot. in order to mix these weighed substances. After adding 1500 cc of purified water, the mixture was mixed at 
60 rpm for 4 hour (mixing step). 

A mixed slurry of Y2O3. CrgOs and MnaOs obtained after a mixing treatment is transferred to a porcelain evaporat- 
55 ing dish, and then dried by using a hot-air dryer at 100 to 150^C for 12 to 17 hours to obtain a mixed solid of Y2O3. 
CraOs and MngOs. Subsequently, this mixed solid is roughly ground by using a chaser mill and passed through a sieve 
(# 30 mesh) to obtain a mixed powder of Y2O3, Cr203 and Mn203. 

In the temporary calcination step, the mixed powder of Y2O3. Cr203 and Mn203 is charged in a crucible made of 
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99 3% AloOa and then heat-treated in a high-temperature oven in an atmosphere under a normal pressure at 11 OO-C 
for 2 houre to obtain Y(Cro gMno 5)03. Y(ao.5Mno.5)03 as a bulk solid obtained in the calcination was roughly ground 
by using a chaser mill and passed through a sieve (# 30 mesh) to obtain a powder. 
The above YfCrngMno 5)03 and Y2O3 are used as the thermistor material. 

In the second p?eparatfon step (starting from compounding 2 in the figure), for the purpose obtaining des.ed 
resistivity and resistivity temperature coefficient. Y(Cro.5Mno.5)03 (average particle diameter: 2 to 5 |im 1560 g) and 
Y2O3 (average particle diameter: 1 .0 nm, 440 g) are first weighed so that a compounding molar ratio of Y(Cro.5Mno.5)03 
and Y2O3 becomes 100:22. to make 2000 gas the total amount. icnn tn 

In case of the firing. S\0^ and CaCOa. which are converted into a liquid phase within the range <rom 1500 to 
1650»C are used as a sintering auxiliary and SiOg and CaCOa are added in an amount of 3% b/weight (60 g) and 
4.5% by weight (90 g), respectively, based on the total amount (2000 g) of the above Y(Cro.5Mno.5)03 and Y2O3 (com- 

AcSrdingly. 2150 g of the total of Y(Cro.5Mno.5)03. Y2O3, SIO2 and CaCOa Is used a ground raw material. 

In the following grinding step (mixing/grinding in the figure), a pearl mill device (manufactured by Ashizawa Co.. 
Ltd RV1V. effective volume: 1.0 liter, actual volume: 0.5 liter) is used as a medium stirring mill to granulate thermistor 
raw'materials. Regarding the operation conditions of this pearl mill device, 3.0 kg of zirconia balls having a diameter of 
0.5 mm are used as a grinding medium and 80% of the volume of a stirring vessel are filled with zirconia balls. 

The operation conditions are as follows: , . 

circumferential rate: 12 m/sec. revolution: 3110 rpm. Using 4.5 liter of distilled water as a dispersing medium relajve to 
2150 g of the raw material, a binder, a releasant and a dispersant are added, followed by mixing and grinding for 10 
hours As the binder, polyvinyl alcohol (PVA) is added in an amount of 1 g per 100 g of the ground raw material. 

The raw slurry of the thermistor material subjected to the grinding treatment was evaluated by using a laser type 
granulometer. As a result, the average particle diameter was 0,4 jim (micron meter). This average partide diameter is 
smallerthan the average particle diameter 1.0 (im of Y2O3. ^,, „„^u,^„ 

The raw slurry of the resulting thermistor material is granulated and dned under the conditions of a drying charnber 
inlet temperature of 200»C and an outlet temperature of 120''C by using a spray drier. TJ^e^esulting granulated pcwdere 
of the thermistor material are spherical powders having an average particle diameter of 30 urn. and molding of the ther- 
mistor element is performed by using these granulated powders. , ^ . • „,I„^IH=nH 

The molding step is performed by a molding method. Pti 00 (0.3 0 x 10.5) as a lead wire is put in a male mo'd and 
a granulated powder is charged in a female mold of 1 .74 0 . and then molding is performed under a pressure erf aboirt 
1(X)0 kgf/cm2 to obtan a molded article of a thermistor element provided with a lead wire. In ttiefiring step, the moWed 
article of the thermistor element is arranged on a corrugated setter made of AI2O3 and then fired in the air at 1500 to 
1 eOO-C for 1 to 2 hours to obtain a thermistor element. , ■ , 

The resulting thermistor element and temperature sensor have the same structure as that of thermistor elements 
and temperature sensors shown In Fig. 2 to Fig. 4. 

The evaluation results of the resulting temperature sensor are shown in Table 8. 



Table 



10 


(Examples) 






Raw material component in 
case cf grinding 


Average particle diame- 
ter after grinding (\im) 


Temperature accuracy 
(°C) 




Example 7 


Y(CrMn)03. Y2O3 


0.4 


±10 


t5 


Example 8 


(Mni.5Cri.5)04,Y203 


0.5 


±10 




Example 9 


Y(CrMn)03, Y2O3, T1O2 


0.4 


±8.0 




Example 10 


(Mni.5Cri.5)04, Y2O3. T1O2 


0.5 


±8.0 


SO 


Example 1 1 


Y(CrMn)03. Y2O3 


2.7 


±25 




Example 12 


(Mni,5Cri.5)04. Y2O3 


2.7 


±30 




Example 13 


Y(CrMn)03. Y2O3, TiOa 


3.0 


±25 




Example 14 


(Mni.5Cri.5)04. Y2O3.T1O2 


3.0 


±25 



In Table 8. Y(CrMn)03 represents Y(Cro 5Mno.5)03. The raw material component in case of grinding represents a 
material component in the grinding step of the second preparation step (Y(Cro.5Mno.5)03 and Y2O3 m this Exam- 
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pie) and the average particle diameter (^m) after grinding represents an average particle diameter of a raw slurry after 
grinding of the second preparation step (0.4 jim in this Example). The same rule applies correspondingly to the follow- 
ing Examples 8 to 14. 

Regarding the temperature sensor of Example 7, a temperature accuracy of ±10°C can be obtained. 

As described in the above second aspect, the evaluation method of the temperature accuracy is as follows. 

That is a standard deviation a (sigma) of the resistivity at 350»C is calculated from resistivity-temperature date of 
100 temperature sensors. Using 6 a (standard deviation) as a scatter width (two sides), a value Aobtained by dividing 
the value, calculated by this scatter width of the resistivity based on the temperature, by 2 is represented as "tempera- 
ture accuracy iA^C" and the accuracy is evaluated. 

(Example 8) 

In Example 8. as the raw material for obtelning a mixed sintered body (M^ = Y. = Cr. Mn) of Y(Cro.5Mno.5)03 and 
Y,0, (Mni sCr. 5)04 obtained by calcining a mixture of an oxide of Cr and an oxide of Mn at lOOCC or more is first 
prepared. A flow' chart illustrating a production step of the thermistor element of Example 8 is shown in Fig. 11. This 
Example relates to a production method according to the above second embodiment. ^ „ 

In the first preparation step (from compounding 1 to (Mni sCri .5)04 <'9"re), CfaOg (101 g) and MngOa (104 
g) are weighed so that a molar ratio (Cr:Mn) becomes 1 :1 (compounding 1). . _ , 

These CrsOa and MnPa are mixed (6 hours), dried, ground and heat-treated in the same manner as in Example 
7 to obtain (Mn, sCr^.siO^. (Mni gCri .5)04 as a bulk solid obtained by the heat treatment was roughly ground by using 
a chaser mill and passed through a sieve (# 30 mesh) to obtain a powder. 

The above (MnisCri 5)04 and YgOa are used as the thermistor material. ^ ^ 

In the second preparation step (starting from compounding 2 In the figure), for the purpose of obtaining the desired 
resistivity and resistivity temperature coefficient. (Mni.5Cri.5)04 (average particle diameter: 2 to 5 nm. 630 g) and Y2O3 
(average particle diameter: 1 .0 pm. 1 370 g) are first weighed so that a compounding molar ratio of (Mni gCri .5)04:^203 
becomes 100:216, to make 2000 g as the totel amount. In the same manner as in Example 7. S1O2 (60 g) and CaCOa 
(90 g) are added as a sintering auxiliary (compounding 2). 

In order to perform atomization of the thermistor material, a pearl mill device is used in the same manner as in 
Example 7 The raw slurry of the thermistor material sitjected to the grinding treatment was evaluated by using a laser 
type granulometer. Asa result, the average particle diameter was 0.5 urn. This average particle diameter is smaller ttian 
the average particle diameter (I.Oum) of Y2O3 before mixing. _,.i,„«u„ 

The raw slurry of the resulting thermistor material Is granulated and dried to obtain a granulated powder of the ther- 
mistor material. The grinding conditions of the pearl mill device and drying conditions of the spray drier are the same 

as those of Example 7. . .u • * 1 

The molding is performed by the molding method in the same manner as in Example 7 to obtain a thermistor ele- 
ment which is Incorporated into a temperature sensor assay to give a temperature sensor. 

The evaluation results are shown in Table 8. Regarding the temperature sensor of Example 8. a temperature accu- 
racy of ±10°C can be obtained. The evaluation method of the temperature accuracy is the same as that of Example 7. 

(Example 9) 

In Example 9. as the raw material for obtaining a mixed sintered body Y(CrMnTi)03 (M^ = Y M^ = Cr. Mn Ti). 
Y(Cro cMno 5)03 is first prepared from Y(Cro.5Mno.5)03. Y2O3 and TiOg. Aflow chart illustrating a production step of he 
thermistor element of Example 9 is shown in Fig. 12. This Example relates to a production method according to the 

above second embodiment. , n,« .k«„*. 

In the first preparation step. Y(Cro.5Mno.5)03 is obtained in the same manner as in Example 7. The above 
Y(Cro^Mno 5)03. Y2O3 and TIO2 are used as the thermistor material. . ^ . . ^ ■ ^ 

In the second preparation step (starting from compounding 2 in the figure), for the purpose of obtaining desir«J 
resistivity and resistivity temperature coefficient. Y(Cro.5Mno.5)03 (average particle diameter: 2 to 5 uni. 1 520 g). Y2O3 
(average particle diameter: 1.0 nm. 400 g) and TiOj (80 g) are first weighed so that a compounding molar ratio 
Y(Cro gMno 5)03:Y203:T102 becomes 100:22:10. to make 2000 g as the totel amount. In the same manner as in Exam- 
ple 7 SiOo (60 g) and CaCOs (90 g) are added as a sintering auxiliary (compounding 2). 

Accordingly. 21 50 g of the totel of Y(Cro.5Mno.5)03, YjOs, TiOg, SiOg and CaC03 is used as the ground raw mate- 

risi 

' Then in order to perform atomization of the thermistor material, a pearl mill device is used in the same manner as 
in Example 7. The raw slurry of the thermistor material subjected to the grinding treatment was evaluated by using a 
laser type granulometer. As a result, the average particle diameter was 0.4 nm (micrometer). This average partide 
diameter is smaller than the average particle diameter 1 .0 pm of Y2O3 before mixing. 
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The raw slurry of the resulting thermistor material is granulated and dried to obtain a granulated powder of the ther- 
mistor material. The grinding conditions of the pearl mill device and drying conditions of the spray dner are the same 
as those of Example 7. 

The molding is performed by the molding method in the same manner as in Example 7 to obtain a thermistor ele- 
ment which is incorporated into a typical temperature sensor assay to give a temperature sensor. 

The evaluation results are shown in Table 8. Regarding the temperature sensor of Example 9. a temperature accu- 
racy of ±8*»C can be obtained. The evaluation method of the temperature accuracy is the same as that of Example 7. 



(Example 10) 



10 



20 



25 



30 



In Example 10. as the raw material for obtaining a mixed sintered body (M^ = Y. = Cr, Mn, Ti) of Y(CrMnTi)03 
and Y2O3 from (Mn^ 5)04. Y2O3 and TiOg. (Mni .sCr^ .5)04 obtained by calcining a mixture of an oxide of Cr and an 
oxide of Mn at 1000*^C or more is first prepared. A flow chart illustrating a production step of the thermistor element of 
Example 10 is shown in Fig. 13. This Example relates to a production method according to the above second embodi- 
75 ment. 

In the first preparation step. (Mn^ sCr^ ,5)04 is obtained in the same manner as in Example 8. 
The above (Mn^ sCr^ 5)04, Y2O3 and TiOg are used as the thermistor material. 

In the second preparation step (starting from compounding 2 in the figure), for the purpose of obtaining desired 
resistivity and resistivity temperature coefficient, (Mni.5Cri.5)04 (average particle diameter: 2 to 5 Mm, 578 g). YgOg 
(average particle diameter: 1.0 jim. 1355 g) and TiOg (67 g) are first weighed so that a compounding molar ratio 
(Mn^ gCri 5)04:Y203:Ti02 becomes 30:70:10, to make 2000 g as the total amount. In the same manner as in Example 
7 Si02 (60 g) and CaCOs (90 g) are added as a sintering auxiliary (compounding 2). 

Then, in order to perform atomization of the thermistor material, a pearl mill device is used as a medium stirnng 
mill The raw slurry of the thermistor material subjected to the grinding treatment was evaluated by using a laser type 
granulometer. As a result, the average particle diameter was 0.5 pm (micrometer). This average particle diameter is 
smaller than the average particle diameter 1 .0 pun of Y2O3 before mixing. 

The raw slurry of the resulting thermistor material Is granulated and dried to obtain a granulated powder of the ther- 
mistor material. The grinding conditions of the pearl mill device and drying conditions of the spray drier are the same 

as those of Example 7. . u • * 1 

The molding Is performed by the molding method in the same manner as in Example 7 to obtain a thermistor ele- 
ment which Is incorporated into a typical temperature sensor assay to give a temperature sensor. 

The evaluation results are shown in Table 8. Regarding the temperature sensor of Example 8. a temperature accu- 
racy of ±8°C can be obtained. The evaluation method of the temperature accuracy is the same as that of Example 7. 

35 (Example 11) 

A flow chart illustrating a production step of the thermistor element of Example 1 1 is shown In Fig, 14. Regarding 
Examples 1 1 to 1 4. the mixing and grinding are performed by using a ball mill as a conventional method for comparison 
with Examples 7 to 10 wherein the mixing and grinding (grinding step) in the second preparation step are performed by 
40 using a medium stirring mill. 

Regarding Example 1 1. a ball mill as a conventional method Is used In the grinding step in the second preparation 
step of Example 7. In the first preparation step. Y(Cro.5Mno.5)03 is obtained In the same manner as in the first prepa- 
ration step of Example 7. 

In the second preparation step, for the purpose of obtaining desired resistivity and resistivity temperature coeffi- 
45 cient. Y(Cro gMno 5)03 (average particle diameter: 2 to 5 ^m, 390 g) and Y2O3 (average particle diameter: 1 .0 jxm. 1 1 0 
g) are first weighed to make 500 g as the total amount. In addition, SlOg and CaCOg are used as a sintering auxiliary, 
and SiOg (15 g) and CaCOg (23 g) are added (compounding 2). Accordingly, 538 g of the total of Y(Cro,5Mno.5)03. 
Y2O3. SiOg and CaCOs is used as the mixing/grinding raw material- 
Regarding the operation conditions of the mixing and grinding, the thermistor raw material is charged in a resin pot 
50 (volume: 5 liter) containing AI2O3 pebbles having a diameter of 1 5 0 (2.5 kg) and pebbles having a diameter of 20 0 
(2.5 kg) and. after adding 1800 cc of purified water, the mixture was mixed and ground at 60 rpm for 6 hours. 

Thft raw slun-y of the thermistor material subjected to the grinding treatment was evaluated by using a laser type 

granulometer As a result, the average particle diameter was 3.0 (micron meter). This average particle diameter is 
smaller than the average particle diameter 1 .0 urn of Y2O3 before mixing. 

The raw slurry of the resulting thermistor material was granulated and dried to obtain a granulated powder of the 
thermistor material. The grinding conditions of the pearl mill device and drying conditions of the spray drier are the 
same as those of Example 7. The molding is performed by the molding method In the same manner as in Example 7 to 
obtain a thermistor element, which is incorporated into a typical temperature sensor assay to give a temperature sen- 
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10 



15 



20 



25 



30 7, 



' The evaluation results are shown In Table 8. Regarding the temperature sensor of Example •^J^'^^^l''^^ 
accuracy of ±30°C can be obtained. The evaluation method of the temperature accuracy is the same as that of Example 

InExamplell.thethermistorelementincorporatedintothetemperaturesensorJowst^^^^^ 
with good resistivity as the object of the present Invention. That is, >t shows low reashyrty 50 to 100 kn ). good res.s 
tivity temperature coefficient p (2000 to 4000 (K)) and small change in resistivity (±10% or less). 

(Example 12) 

In Example 1 2. a ball mill as a conventional method is used in the grinding step (mixing and grinding) in second 
oreoaration step in Example 8. As the raw material for obtaining a mixed sintered body of Y(CrMn)03 and Y2O3. 
SSTsCrdS, and Y2O3 are used. In the first preparation step. (r^n,5Cr,5)04 is obtained in the same manner as in 

^'^rSnTp^pt^^^^^^^^ 

ficient (Mn, sCr, 5)0. (average particle diameter: 2 to 5 158 g) and Y2O3 (average particle diameter: 1.0 ^. 342 

and SiOs (15 9) and CaC03 (23 g) are added (compounding 2). Accordingly. 538 g of the total of (Mn, .sCr, .5)04. Y2O3, 
SiO? and CaCOs is used as the mixing/grinding raw material. . ^. ^ 

Regarding the operation conditions of the mixing and grinding, the mixing and gnndmg are performed m «ie sarne 
manner as in ExamrJe 1 1 . The raw slurry of the thermistor material subjected to the grinding treatment was evaluated 
by usTng a teser tsl^ granulometer. As a result, the average particle diameter was 2.7 ,m. This average particle diam- 
eter is smaller than the average particle diameter (1 .0 jim) of Y2O3 before mixing 

The raw slurry of the resulting thermistor material is granulated and dried to obtain a granulated Po^^e of ihefrier- 
mistor material. The grinding conditions of the pearl mill device and drying conditions of the ll'^^^l^''^^^^ 
as those of Example 7. The molding is performed by the molding method in the same manner as in Example 7 to obtain 
a thermistor element, which is incorporated into a typical temperature sensor assay to Sf/J^^Tfa ter^Sature 

The evaluation results are shown in Table 8. Rega«ling the temperature sensor ° f^f ^P"! a tem^^^^ 
accuracy of ±30°C can be obtained. The evaluation method of the temperature accuracy is the same as that of Example 

Also in Example 1 1. the thermistor element incorporated into the temperature sensor shows temperature characteris- 
tics with good resistivity. 
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(Example 13) 

in Example 1 3. a ball mill as a conventional method Is used in the grinding step (mixing and 9 Jding) ""'^ 
oreoaration step of Example 9. As the raw material for obtaining a mixed sintered body of Y(CrMn)03 and Y2O3. 

Y2O3 and T1O2 are used. In the first preparation step. Y(Cro.5Mno.5)03 is obtained in the same manner as 

'"^^reSi^iSs^^^^ 

ficient Y(Cro d^no 5)03 (average particle diameter: 2 to 5 nm. 380 g). Y2O3 (average particle diameter: 1 .0 urn. 100 g) 
S03 (20^a^/L^U^ make 500 g as thetotal amount. Inaddition, SD2 and CaC03 are as a^in er- 
fng auxliary. and SiOa (15 g) and CaC03 (23 g) are added (compounding 2). Accordingly. 538 g of the total of 
Y(CrocMno 5)03. Y203.Si02 and CaCOg is used as the mixing/grinding raw material. ,h=como 

Regarding the operation conditions of the mixing and grinding, the mixing and grinding are performed in the sarne 
manner as in Example 1 1 . The raw slurry of the thermistor material subjected to the grinding treatment was evaluated 
by^ng a iLr Jpe As a'esult. the average particle diameter was 3.0 ^m (micron meter). This average 

particle diameter is smaller than the average particle diameter 1.0 nm of Y2O3 before mixing. 

The raw slurry of the resulting thermistor material is granulated and dried to obtain a granulated powder of «he ther- 
mistor material. The grinding conditions of the pearl mill device and drying conditions of the spray drier are the same 
as those of Example 7. The molding is performed by the molding method in the same manner as in Example 7 to obtain 
a thermistor element, which is incorporated into a typical temperature sensor assay to give a f;';^^; . 

The evaluation results are shown in Table 8. Regarding the temperature sensor of Example ^^-^ l^'J^^f^? 
accuracy of ±25»C can be obtained. The evaluation method of the temperature accuracy is the same as that of Example 

Also in Example 12. the thermistor element incorporated into the temperature sensor shows temperature charac- 
teristics with good resistivity. 
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(Example 14) 

In Example 14, a ball mill as a conventional method is used in the grinding step (mixing and grinding) in the second 
preparation step of Example 10. As the raw material for obtaining a mixed sintered body of Y(CrMnTi)03 and Y2O3, 

) (Mni sCr^ 5)04. Y2O3 and Ti02 are used. In the first preparation step, (Mn^ gCri .5)04 is obtained in the same manner 
as in the first preparation step of Example 8, 

In the second preparation step, for the purpose of obtaining the desired resistivity and resistivity temperature coef- 
ficient, (Mn^ sCr^ 5)04 (average particle diameter: 2 to 5 ^m, 145 g), Y2O3 (average particle diameter: 1.0 jim, 338 g) 
and Ti02 (1 7 g) are first weighed to mal^e 500 g as the total amount. In addition, Si02 and CaCOs are used as a sinter- 

10 Ing auxiliary, and Si02 (15 g) and CaCOs (23 g) are added (compounding 2). Accordingly. 538 g of the total of 
(IVlni sCr 1.5)04 Y2O3, Ti02. Si02 and CaCOs is used as the mixing/grinding raw material. 

Regarding the operation conditions of the mixing and grinding, the mixing and grinding are performed in the same 
manner as in Example 11 . The raw slurry of the thermistor material subjected to the ginding treatment was evaluated 
by using a laser type granulometer. As a result, the average particle diameter was 3.0 jim. TTils average particle diam- 

15 eter is smaller than the average particle diameter (1 .0 ^m) of Y2O3 before mixing. 

The raw slurry of the resulting thermistor material is granulated and dried to obtain a granulated powder of the ther- 
mistor material. The grinding conditions of the pearl mill device and drying conditions of the spray drier are the same 
as those of Example 7. The molding is performed by the molding method in the same manner as in Example 7 to obtain 
a thermistor element, which Is Incorporated into a typical temperature sensor assay to give a temperature sensor. 

?o The evaluation results are shown in Table 8. Regarding the temperature sensor of Example 14, a temperature 
accuracy of ±25^0 can be obtained. The evaluation method of the temperature accuracy is the same as that of Example 
7. 

Also in Example 14, the thermistor element incorporated into the temperature sensor shows temperature charac- 
teristics with good resistivity as in Example 1 1. 
25 As described above, when Examples 7 to 1 4 are compared, all thermistor elements show temperature character- 
istics with good resistivity as the object of the present invention, but it can be said that the production methods 
described in Examples 7 to 10 are superior in temperature accuracy of a sensor to those described in Examples 1 1 to 
14. 

That is, in the production methods described in Examples 7 to 10, uniform mixing of the composition is realized by 
30 atomization of the thermistor material while accomplishing the effect described in the above first aspect and a variation 
in composition of a mixed sintered body M^M^Os • Y2O3 is reduced, thereby making it possible to reduce scatter in 
resistivity. 

Accordingly, in case that the thermistor element of the present invention is produced by the production method 
according to the second embodiment (Examples 7 to 10). it is possible to provide a thermistor element capable of 
35 improving the temperature accuracy at room temperature to 1 000°C to ±1 0°C or less in comparison with the production 
process using a conventional ball mill (Examples 1 to 14. temperature accuracy: ±20 to 30°C) and realizing high accu- 
racy of the tenperature sensor. 

(Example 15) 

40 

In Example 15, a mixed sintered body (M^ = Y = Cr, f^n) of Y(Cro.5Mno.5)03*Y203 is obtained from Y2O3, 
Cr203, Mn203 and CaCOs as the raw material. A flow chart illustrating a production step of the thermistor element of 
Example 15 is shown in Fig. 15. 

This Example relates to the first production method described in the above third embodiment. That is, the above 
45 precursor is obtained in the first preparation step (from compounding 1 to Y(Cro.5Mno.5)03 • Y2O3), and a medium stir- 
ring mill IS used in the grinding step of the mixing step of the first preparation step and the grinding step of the second 
preparation step (starting from compounding 2 in the figure). 

Y2O3, CrgOa, Mn203 and CaCOs (the purity of all components is not less than 99.9%) are prepared. In the com- 
pounding 1 these components are compounded so that the desired resistivity and resistivity temperature coefficient as 
50 the thermistor element can be obtained. 

Specifically. Y2O3, CraOs and MngOs are weighed so that a and b (molar fraction){a:b) of aY(Cro 5Mno.5)03 • bYgOs 
becomes 38:62 to make 2000 q as the total amount. Furthermore. 36 g of CaCOs 's added and 2036 g of the total of 
Y2O3, CrgOs. I^n203 is used as a mixed raw material. 

In the following mixing step, a medium stirring mill is used to atomize the raw material. As the medium stirring mill. 
55 a pearl mill device (manufactured by Ashizawa Co., Ltd.. RV1V. effective volume: 1.0 liter, actual volume: 0.5 liter) is 
used. Regarding the mixing conditions of this pearl mill device, 3.0 kg of zirconia balls having a diameter of 0.5 mm are 
used as a grinding medium and 80% of the volume of a stirring vessel are filled with zirconia balls. 

The operation conditions are as follows: circumferential rate: 1 2 m/sec, revolution: 3110 rpm. Using 4.5 liter of dis- 
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tilled water as a dispersing medium relative to 2036 g of the mixed raw material, a dispersant and a binder are added, 
followed by mixing and grinding for 10 hours. As the binder, polyvinyl alcohol (PVA) is added in an amount of 20 g per 
2036 9 of the mixed raw material. 

The raw slurry of the thermistor material subjected to the mixing/grinding treatment was evaluated by usirig a laser 
type granulometer. As a resuH, the average particle diameter was 0.4 tim (micron meter). This average partcle diame- 
ter is smaller than the average particle diameter (1.0 ,im) of Y2O3 and smaller than 0.5 |im. 

The raw slurry of the resulting thermistor material is dried under the conditions of a drying chamber inlet tempera- 
ture of 200°C and an outlet temperature of 120»C by using a spray drier. The resulting granulated powders of the ther- 
mistor material are spherical powders having an average particle diameter of 30 ^m, and this raw -material po«^^^^^^ 
charged in a crucible made of 99.3% AI2O3 and then calcined in a high-temperature oven in the air at 1 100 to 1300 C 
fori to 2 hours to obtain a precursor Y(Cro.5Mno.5)03 • YgOs (calcination step). 

The precursor Y(Cro gMno 5)03 -YzOa as a bulk solid obtained in the calcination was roughly ground by using a 
chaser mill and passed through a sieve (# 30 mesh) to obtain a powder of precursor Y(Cro.5Mno.5)03 ' YjOs. 

In the following compounding 2. a powder of the above precursor Y(Cro.5Mno.5)03 • Y2O3 (2000 g) is prepared. 
In the grinding step, a pearl mill device is used similar to the above mixing step. To the precursor prepared in the ■ 
compounding 2. a dispersant, a binder and a releasant are added, followed by mixing and further grinding to perform 
atomization. TTne grinding conditions of this pearl mill device are the same as the conditions of the above mixing step. 

The raw slurry of the thermistor material subjected to the grinding treatment was evaluated by using a laser type 
granulometer. As a result, the average particle diameter was 0.3 ^ (micron meter). This average partcle diameter is 
smaller than the average particle diameter 1 .0 urn of Y2O3. 

The slurry of the precursor Y(Cro.5Mno.5)03 • Y2O3 obtained after grinding was granulated by usir^ a spray dried 
under the same conditions as those of the above drying step to obtain a granulated povwjer of Y(Cro.6Mno.5)03 • Y2U3. 
A thermistor element is molded by using this granulated powder of Y(Cro.5Mno.5)03-Y203. 

The molding step is performed by a molding method. R100 (0 3 mm0 x 10.5 mm) as a lead wire is put m a male 
mold and a granulated powder of Y(Cro.5Mno.5)03 • Y2O3 is charged in a female mold of 1 .89 mm0 . and ^en nrolding 
is performed under a pressure of about 1000 kgf/cm^ to obtain a molded article of a thermistor elemert provid^ with 
a lead wire The molded article of the thermistor element is ananged on a corrugated setter made of AI2O3 and then 
calcined in the air at 1400 to 1600»C for 1 to 2 hours to obtain a thermistor element having an outer diameter of 1 .60 

mnfi0 (mixed sintered body). tv,«»„o,.« 

This thermistor element is incorporated into a temperature sensor assay to give a temperature sensor. The result- 
ing thermistor element and temperature sensor have the same structure as that of thermistor elements and temperature 

sensors shown in Fig. 2 to Fig. 4. u _* - *■ 

Then the temperature sensor was put in a high-temperature furnace and resistivity temperature characteristics are 
evaluated within the range from room temperature (e.g. 27»C. etc.) to 1000-C in the same manner as in Example 1 . The 
evaluation results are shown in Table 9. The temperature accuracy of the resulting temperature sensor are evaluated in 
the same manner as in Example 7. The results are shown in Table 10. 



Table 



(Examples) 




No. 


Raw material composition 
(mol %) 


Resistivity (kn) 


Resistivity tempera- 
ture coefficient (K) 


Change in resis- 
tivity (%) 




Y(Cro.5Mno.5)03 


Y2O3 


Room tempera- 
ture (27^C) 


1000^'C 






19 


38 


62 


50 


0.14 


2450 


•5.0 


20 


95 


5 


30 


0.10 


2240 


-4.0 


21 


5 


95 


100 


0.20 


2440 


-4.0 
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Table 



(Example 10 > 




Raw material compo- 
nent in case of Qrind- 
ing 


Average particle 
dismeter after 
grinding (^im) 


Average particle 
diameter after 
grinding (^m) 


Temperature accu- 
racy (**C) 


Example 15 


Y(CrMn)03-Y203 


0.4 


0.4 


±7 


Example 16 


Y(CrMn)03 and Y2O3 


0.3 


0.4 


±5 


Example 17 


Y(GrMn)03-Y203 


0.4 


1.8 


±10 


Example 18 


Y(CrMn)03 and Y2O3 


0.3 


1,8 


±10 


Example 19 


Y(CrMn)03*Y203 


2.0 


3.0 


±30 


Example 20 


Y(CrMn)03 and Y2O3 


1.7 


2.7 


±25 


Comparative Example 1 


Y(Cro.5Mno.5)03 


2.0 


3.0 


±30 


Comparative Exarrple 2 


YTiOs 


2.0 


3.0 


±25 


Comparative Example 3 











In Table 10, the raw material component in case of grinding represents a raw material component in the grinding 
step of the second preparation step (Y(Cro,5Mno.5)03 • Y2O3 in this Example), the average particle diameter (fim) after 
25 mixing represents an average particle diameter of a raw slurry after grinding in the mixing step of the first preparation 
step (0.4 \im in this Example) and the average particle diameter (^m) after grinding represents an average particle 
diameter of a raw slurry after grinding in the grinding step of the second preparation step (0.3 urn in this Example). The 
same rule applies correspondingly to the following Exannples 1 6 to 20 and Comparative Examples 1 and 2 evaluated in 
Comparative Example 3. 

30 Regarding the temperature sensor of Example 15. a temperature accuracy of ±7°C can be obtained. 

Furthermae. in the compounding 1 , a thermistor element was produced by using a thermistor raw material pre- 
pared so that a molar ratio (at) of Y(Cro,5Mno,5)03:Y203 becomes 95:5 and 5:95 in the same manner as described 
above and the thermistor element was evaluated. The results (resistivity temperature characteristics) are shown in 
Table 9. In Example 15, the respective elements are referred to as an element No. 19, an element No. 20 and an ete- 
35 ment No. 21 in the sequence of the above molar ratio a:b, e.g. 38:62, 95:5 and 5:95. They are shown in Table 9. 

As shown in Table 9, the thermistor element of Example 15 shows low resistivity of 50 to 1 00 ka required of a tem- 
perature sensor within the range where the molar fraction (a + b = 1 ) of aY(Cro.5Mno.5)03 • bY203 satisfy the relations: 
0.05 ^ a < 1 and 0 < b s 0.95, and also shows a resistivity temperature coefficient p of 2000 to 4000 (K), and is capable 
of widely controlling the resistivity and resistivity temperature coefficient. Therefore, it is possible to detect a tempera- 
40 ture ranging from room temperature to high temperature of 1 000°C. 

As Is apparent from the results of the high-temperature durability test (change in resistivity), a wide-range type ther- 
mistor material having stable characteristics (e.g. small change in resistivity), etc.) can be provided. 

(Example 16) 

45 

In Example 16. a mixed sintered body (M^ = Y. = Cr. Mn) of Y(Cro.5Mno.5)03 • Y2O3 Is obtained from 
Y(Cro.5Mno.5)03 and Y2O3. A flow chart illustrating a production step of the thermistor element of Example 16 is shown 
in Fig. 16. 

This Example relates to the second production method described in the above third embodiment. That is, 
50 Y(Cro,5Mno.5)03 is obtained in the first preparation step (from compounding 1 to Y(Cro.5Mno.5)03), and a medium stir- 
ring mill is used in the mixing step of the first preparation step and the grinding step of the second preparation step 

(starting from compounding 2 in the figure). 

Y2O3, Cr203, Mn203 and CaCOs (purity of all components is not less than 99.9%) are prepared. In the compound- 
ing 1 . Y2O3. Cr203 and Mn203 are weighed so that a molar fraction of Y:Cr:Mn becomes 2:1 :1 to make 644 g as the 
55 total amount. Furthermore. 36 g of GaC03 is added and 680 g of the total of Y2O3. CrgOs. Mn203 and CaCOs is used 
as a mixed raw material. 

In the following mixing step, a medium stirring mill is used to atomize the raw material in the same manner as in 
Example 15. The mixing conditions are the same as those of Example 15. In this mixing step, the raw slurry of the ther- 
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mistor material subjected to the mixing/grinding treatment was evaluated by using a laser type granulometer. As a 
result, the average particle diameter was 0.3 ^m (micron meter). This average particle diameter is smaller than the 
average particle diameter 1.0 fim oi Y2O3 before mixing and is smaller than 0.5 fim. 

The resulting raw slurry is granulated and dried by using a spray drier in the same manner as in Example 15, and 
5 then calcined to obtain Y(Cro gMno 5)03. Y(Cro.5Mno.5)03 as a bulk solid obtained in the temporary calcination is 
roughly ground by using a chaser mill and passed through a sieve (# 30 mesh) to obtain a powder of Y(Cro.5Mno.5)03- 
In the following compounding 2. compounding Is performed so that the desired resistivity and resistivity tempera- 
ture coefficient as the thermistor element can be obtained. Specifically, Y(Cro.5Mno.5)03 and Y2O3 are weighed so that 
a to b (a:b) of aY(Cro sMno 5)03 • bYgOj becomes 38:62 to make 2000 g as the total amount. 
10 In the grinding step, Y(Cro gMno 5)03 and Y2O3 are mixed and ground by using a pearl mill device similar to the mix- 
ing step to perform atomization. The grinding conditions of the pearl mill device are the same as those of the mixing 
step In this grinding step, a dispersant. a binder and a releasant are added, followed by mixing and further steps. 

The raw slurry of the thermistor material subjected to the grinding treatment was evaluated by using a laser type 
granulometer. As a result, the average particle diameter was 0.4 ^im (micron meter). This average particle diameter is 
15 smaller than the average particle diameter 1 .0 ^m of Y2O3 before compounding in the compounding 2. 

The slurry of Y(Cro gMno 5)63 and Y2O3 obtained after grinding is granulated, molded and then calcined to obtain 
a thermistor element in the same manner as In Example 15. This thermistor elemerit Is incorporated into a temperature 
sensor assay to give a temperature sensor in the same manner as in Example 15. ; 

The resulting thermistor element and temperature sensor have the same structure as that of thermistor elements 
20 and temperature sensors shown in Fig. 2 to Fig. 4. ,^ 

The above temperature sensor was evaluated in the same manner as in Exanple 1 5. The evaluation results of the 
resistivity temperature characteristics are shown in Table 1 1 and those of the temperature accuracy are shown in Table 

Regarding the temperature sensor of Example 16, a temperature accuracy of ±5^*0 can be obtained, as shown in 
Table 10 In Example 16, grinding and atomization are performed by using a medium stirring mill in the mixing step of 
the first preparation step and grinding step of the second preparation step. Therefore, there can be provided a thermis- 
tor element whose temperature accuracy Is improved in comparison with Example 7 (temperature accuracy: ±10^C) 
wherein grinding and atomization were performed only in the latter step using a medium stimng mill. 

Furthermore, a thermistor element was produced by using a thermistor raw material prepared so that a molar ratio 
(a-b) Y(Cro sMno 5)03:Y203 becomes 95:5 and 5:95 in the grinding step in the same manner as described above and 
the thermistor element was evaluated. The results are shown In Table 1 1. In Example 16. the respective elements are 
referred to as an element No. 22. an element No. 23 and an element No. 24 in the sequence of the above molar rato 
a:b, e.g. 38:62. 95:5 and 5:95. They are shown in Table 11. 

As shown in Table 1 1 , the thermistor element of Example 16 shows the low resistivity of 50 to 100 kO required of 
a temperature sensor within the range where the molar fraction (a + b = 1 ) of aY(Cro.5Mno.5)03 -bYaOg satisfy the 
relations: 0.05 ^a<1and0<b^ 0.95. and also shows a resistlvrty temperature coefficient p of 2000 to 4000 (K). and 
is capable of widely controlling the resistivity and resistivity temperature coefficient Therefore, it is possible to detect a 
temperature ranging from room temperature to high temperature of 1000'C. 

As is apparent from the results of the high-temperature durability test (change in resistivity), a wide-range type ther- 
40 mistor material having stable characteristics (e.g. small change in resistivity), etc.) can be provided. 

(Example 17) 

In Example 17, a mixed sintered body (M^ = Y. = Cr. Mn) of Y(Cro.5Mno.5)03 • YgOg Is obtained from Y2O3, 
45 Cr203. Mn203 and CaCOg as the raw material. A flow chart illustrating a production step of the thermistor element of 
Example 17 is shown in Fig. 17. . . ^ 

Example 1 7 relates to the first production method described in the above third embodiment. That is. the above pre- 
cursor is obtained In the first preparation step (from compounding 1 to Y(Cro.5Mno.5)03 - Y2O3). a medium stirring mill 
is used in the grinding step of the mixing step of the first preparation step and a ball mill is used in the grinding step of 
so the second preparation step (starting from compounding 2 in the figure). That is, the ball mill Is used In place of the 
medium stlnring mill in the grinding step in Exannple 15. 

The first preparation step of this Example Is the same as that of Example 15 and its description is omitted. Also in 
Example 1 7, a and b (molar fraction)(a:b) of aY(Cro.5Mno.5)03 • bYgOs is 38:62. The raw slurry of the thermistor mate- 
rial subjected to the mixing/grinding treatment was evaluated by using a laser type granulometer. As a result, the aver- 
55 age particle diamete was 0.4 ^im (micron meter). • u <■ ♦ 

In the following compounding 2, a powder (2000 g) of the precursor Y(Cro.5Mno.5)03 • Y2O3 obtained in the first 

preparation step is prepared. 

In the following grinding step, a ball mill device is used to add a dispersant. a binder and a releasant to 
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Y(Cro sMno 5)03 • Y2O3 pr^ared In the compounding 2, followed by mixing and further grinding. 

Regarding the grinding conditions of this ball mill device, the powder (2000 g) prepared In the compounding 2 is 
charged in a resin pot (volume: 20 liter) containing AI2O3 pebbles having a diameter of 1 5 0 (1 0 kg) and pebbles having 
a diameter of 20 0 (10 kg) and, after adding 6000 cc of purified water, the mixture was mixed and ground at 60 rpm for 
6 hours. 

The raw slurry of the thermistor material subjected to the grinding treatment was evaluated by using a laser type 
granulometer. As a result, the average particle diameter was 1 .8 nm. This average particle diameter is smaller than the 
average particle diameter (1 .0 jim) of Y2O3 before conrpounding in the compounding 1 . , . ^ ■ 

The slurry of Y(Cro sMno 5)03 and Y2O3 obtained after grinding was granulated, molded and then calcined to obtain 
athermistor element inihe same manner as in Example 15. This thermistor element is incorporated into a temperature 
sensor assay to give a temperature sensor in the same manner as in Example 1 5. The resulting thermistor element and 
temperature sensor have the same structure as that of thermistor elements and temperature sensors shown in Fig. 2 

*° '^Then the above temperature sensor was evaluated in the same manner as in Example 15. The resistivity temper- 
ature characteristics were the same as those of Example 15 (resistivity temperature characteristics of a:b = 38:62 in 
Fig. 24). In addition, the evaluation results of the temperature accuracy are shown in Table 10. Regarding the temper- 
ature sensor of Example 17, atemperature accuracy of ±10''C can be obtained as in Example 17. 

Furthermore, a thermistor element was produced by using a thermistor raw material prepared so that a molar ratio 
of Y(Cro sMno 5)03:Y203 becomes 95:5 and 5:95 in the mixing step and the thermistor element was a/aluated. As a 
result, the resistivity temperature characteristics of this thermistor element were good and the same as those of the 
thermistor element having the same molar ratio as that of Example 15 (see Table 9). 

Accordingly, the thermistor element of Example 1 7 shows low resistivity of 50 to 100 kn required as a temperature 
sensor within the range where the molar fraction (a + b = 1 ) of aY(Cro.5Mno.5)03 -bYgOs satisfy the relations: 0^05 s 
a < 1 and 0 < b s 0.95, and also shows a resistivity temperature coefficient p of 2000 to 4000 (K). and is capable of 
widely controlling the resistivity and resistivity temperature coefficient. Therefore, it is possible to detect a temperature 
ranging from room temperature to high temperature of 1000''C. 

As is apparent from the results of the high-temperature durability test {change in resistivity), a wide-range type ther- 
mistor material having stable characteristics (e.g. small change in resistivity), etc.) can be provided. 



30 (Example 18) 

In Example 18, a mixed sintered body (N/l^ = Y. = Cr, Mn) of Y(Cro.5Mno.5)03-Y203 is obtained from 
Y(Cro.5Mno.5)03 and Y2O3. Aflow chart illustrating a production step of the thermistor element of Example 18 is shown 

35 '"'^Example 18 relates to the second production method described in the above third embodiment. That is, 
Y(CrosMno5)03 is obtained in the first preparation step (from compounding 1 to Y(Cro.5Mno.5)03), a medium stimng 
mill is used in the mixing step of the first preparation step and a ball mill is used in the grinding step of the second prep- 
aration step (starting from compounding 2 in the figure). That is, the ball mill is used in place of the medium stirnng mill 
in the grinding step in Example 16. . . 

40 The first preparation step of this Example is the same as that of Example 6 and its descripton is omitted. Also in 
Example 18 the raw slurry of the thermistor material subjected to the mixing/grinding treatment in the mixing step in 
the compou^iding 1 was evaluated by using a laser type granulometer. As a result, the average particle diameter was 
0.3 nm (micrometer). 

Then, a powder of temporarily calcined Y(Cro glVIno 5)03 is obtained from the first preparation step. 
45 In the following compounding 2. for the purpose of obtaining the desired resistivity and resistance temperature 
coefficient as the thermistor element. Y(Cro.5Mno.5)03 (powder) and Y2O3 are weighed so that a and b {a:b) of 
Y{Cro sMno 5)03 (powder) and bYgOs becomes 38:62, to make 2000 g as the total amount 

In the following grinding step, a ball mill device is used to mix and grind Y(Cro.5Mno.5)03 and Y2O3 weighed in the 
compounding 2. Regarding the grinding conditions of this ball mill device, the mixed weighed substance (2000 g) is 
50 charged in a resin pot (volume: 20 liter) containing AI2O3 pebbles having a diameter of 15 0 (10 kg) and pebbles having 
a diameter of 20 0 (10 kg) and. after adding 6000 cc of purified water, the mixture was mixed and ground at 60 rpm for 

^ *^^e raw slurry of the thermistor material subjected to the grinding treatment was evaiuatea by using a laser type 
granulometer. As a result, the average particle diameter was 1 .8 urn. This average particle diameter is smaller than the 
55 average particle diameter (1 .0 urn) of YjOa before compounding in the compounding 2. In the mixing and grinding step, 
a dispersant, a binder and a releasant are added and, at the same time, the mixture is ground. 

The slurry of Y(Cro gMno 5)03 • Y2O3 obtained after grinding was granulated, molded and then calcined to obtain a 
thermistor element in the same manner as in Example 15. This thermistor element is incorporated into a temperature 
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sensor assay to give a temperature sensor in the same manner as in Example 15. The resulting thermistor element and 
temperature sensor have the same structure as that of thermistor elements and temperature sensors shown in Fig. 2 
to Fig. 4. 

Then the above temperature sensor was evaluated in the same manner as in Example 1 5. The resistivity temper- 
ature characteristics were the same as those of Example 16 (resistivity temperature characteristics of a:b = 38:62 in 

In addition, the evaluation results of the tenperature accuracy are shown in Table 10. Regarding the temperature 
sensor of Example 18, a temperature accuracy of ±10°C can-be obtained as in Example 17. 

7ule!^Z a thermistor element was produced by using a thermistor raw material prepared so that a molar ratio 
of YfCro sMno5)03:Y203 becomes 95:5 and 5:95 in the mixing step and the themiistor element was evaluated. As a 
?esuit Se reslSvity temperature characteristics of this thermistor element were gocd and the same as those (see Tabe 
11) of the thermistor element having the same molar ratio as that of Example 16. 

Accordingly, the thermistor element of Example 18 shows low resistivity of 50 to 100 kn required as a temperature 
seni? wtthin the range where the molar fraction (a + b = 1 ) of aY(Cro.5Mno.5)03 • hY,0, satisfy the relations: 0^05 s 
a <TL!Id 0 < b - 0 95 and also shows a resistivity temperature coefficient p of 2000 to 4000 (K). and is capable of 
widely controlling the resistivity and resistivity temperature coefficient. Therefore, it is possible to detect a temperature 
ranging from room temperature to high temperature of lOOO'C. , „„=4.„»iKor 

As is apparent from the results of the high-temperature durability test (change in resistivrty), a wide-range type ther- 
mistor material having stable characteristics (e.g. small change in resistivity), etc.) can be provided. 

(Example 19) 

Example 19 is basically the same as Example 15 and Example 17. That is, a precursor is formaJ by using YgOa. 
Cr,0, MnpOa and CaCOa as the raw material to obtain a mixed sintered body (M^ = Y M = Cr. Mn) ot 
Y(Cro sl^no 5)03 • YgOa- A ftow chart illustrating a production step of the themiistor element of Example 19 is shown in 

In^Example 19. a ball mill device as a conventional method is used in the mixing step and grinding step in the pro- 

™rame°~ in Example 15. Y.O3, ^30. Mn^ and CaCOa (all of ^e ^^^^^^^ 
are prepared. In the compounding 1. these respective components are compounded to obtain the desired resistivity 
and resistivity temperature coeffidert as the thermistor element , , ^. „ ,„v/p, Mn >n .hv o 

SDecifically YoO,, CroO. and MnjOa are weighed so that a and b (molar fraction)(a:b) of aY(Cro.5Mno.d03 • bYaUj 
beccSiS to mike 20(^ g as the total amount. Furthermore. 36 g of CaCO, is added and 2036 g of the total of 
Y?03.a203.Mn203 and CaCOs is used as a mixed raw material. D««=«4in„*ha 

Then this mbced raw material is mixed and ground by using a ball mill device in the mixing step. Regarding he 
operation'conditions, the thermistor raw material is charged in a resin pot (volume: 20 liter) contair«ng AIA Pebbles 
SvSTdSmeter of 15 0 (10 kg) and pebbles having a diameter d 20 0 (10 kg) and. after adding 6000 cc of punfied 
water, the mixture was mixed and ground at 60 rpm for 6 hours. „„„,,o„rtwno 

The raw slurry of the thermistor material subjected to the grinding treatment was evaluated by using a laser type 
granulometer. As a result, the average particle diameter was 2.0 nm. This average particle diameter is smaller than the 
averaoe nartide diameter (1 .0 iim) of Y2O3 before mixing. 

The raw slurry of the resulting thermistor material is dried under the conditions of a drying chamber inlet tempera- 
ture of 200»C and an outlet temperature of 120'C by using a spray drier. The resulting granulated powders of the ther- 
mistor material are spheric^ powders having an average parade diameter of 30 ^m. and this raw material pov«Jer^.s 
charged in a crudble made of 99.3% AI2O3 and then caldned in a high-temperature oven in the air at 1100 to 1300 C 
fori to 2 hours to obtain a precursor Y(Cro.5Mno.5)03-Y203. ,,^i„„ „ 

The precursor Y(Cro gMno 5)03- YgOa as a bulk solid obtained in the calcination was roughly ground by using a 
chaser mill and passed through a sieve (# 30 mesh) to obtain a powder of precursor Y(Cro.5Mno.5)03 • YjOa^ 

In the following grinding step, a ball mill device is used to atomize this powder similar to the mixing step. The gnnd- 
ing conditions of this ball mill device are the same as the conditions of the mixing step. 

The raw slurry of the thermistor material subjected to the grinding treatment was evaluated by using a laser type 
granulometer. As a result, the average particle diameter was 3.0 nm (micron meter). 

The resulting raw slurry of the thermistor material was granulated, dried, molded and then calcined to obte n a ther- 
mistor element in the same manner as in Example 15. This thermistor element is incorporated into a «enperature sen- 
sor assay to give a temperature sensor. The resulting themiistor element and temperature sensor have the same 
structure as that of thermistor elements and temperature sensors shown in Fig. 2 to Fig. 4. 

Then the temperature sensor was evaluated in the same manner as in Example 15. The resistivity temperature 
characteristics of this thermistor element were good and the same as those of the thermistor element having the same 
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moiar ratio (a:b = 38:62) as that of Example 15 (see Table 9). 

In addition, the evaluation results of the temperature accuracy are shown in Table 10. Regarding the temperature 
sensor of Example 19, a temperature accuracy of ±30**C can be obtained as In Example 17. 

5 (Example 20) 

Example 20 is basically the same as Example 16 and Example 18. That is, Y(Cro.5Mno.5)03 is formed by using 
Y2O3. CrgOs. Mn202 and CaCOs as the raw material in the temporary calcination to obtain a mixed sintered body (M^ 
= Y, fi/I^ - Cr, Mn) of Y(Cro.5Mno.5)03 • Y2O3. A flow chart illustrating a production step of the thermistor element of 
10 Example 20 is shown in Fig. 20. 

In Example 20, a ball mill device as a conventional method is used in the mixing step and grinding step in the pro- 
duction method of Example 1 6. 

In the same manner as in Example 16, Y2O3, Cr203, MngOs and CaCOs (all of the purity is not less than 99.9%) 
are prepared. In the compounding 1, Y2O3, CrgOs and Mn203 are weighed so that a molar ratio of Y:Cr:Mn becomes 
15 2:1 :1 to make 644 g as the total amount. Furthermore, 36 g of CaCOa is added and 680 g of the total of Y2O3, CraOs, 
Mn203 and CaCOs is used as a mixed raw material. 

In the mixing step, the mixed raw material obtained in the compounding 1 is mixe^ and ground by using a ball mill 
device. Regarding the operation conditions, the thermistor raw material is charged in a resin pot (volume: 5 liter) con- 
taining AI2O3 pebbles having a diameter of 15 mm0 (2.5 kg) and pebbles having a diameter of 20 mm0 (2.5 kg) and, 
20 after adding 1 800 cc of purified water, the mixture was mixed and ground at 60 rpm for 6 hours. 

The raw slurry of the thermistor material subjected to the grinding treatment was evaluated by using a laser type 
granulometer. As a result, the average particle diameter was 1 .7 ^m. This average particle diameter is smaller than the 
average particle diameter (1.0 ^m) of Y2O3 before mixing. 

The raw slurry of the resulting thermistor material is granulated, dried and then temporarily calcined to obtain 
25 Y(Cro.5Mno.5)03 in the same manner as in Example 15. Y(Cro.5Mno.5)03 as a bulk solid obtained in the temporary cal- 
cination was roughly ground by using a chaser mill and passed through a sieve (# 30 mesh) to obtain a powder of 
Y(Cro.5Mno.5)03. 

In the following compounding 2. for the purpose of obtaining desired resistivity and resistivity temperature coeffi- 
cient, Y(Cro.5Mno.5)03 and Y2O3 are first weighed so that a and b (molar fraction) (a:b) of aY(Cro.5Mno.5)03 ' bY203 
30 becomes 38:62, to make 2000 g as the total amount. 

A ball mill device is used to atomize Y(Cro.5Mno.5)03 • Y2O3 in the grinding step similar to in mixing step. Regarding 
the grinding conditions of this ball mill device, the thermistor raw material obtained in the compounding 2 is charged in 
a resin pot (volume: 20 liter) containing AI2O3 pebbles having a diameter of 1 5 0 (1 0 kg) and pebbles having a diameter 
of 20 0 (1 0 kg) and, after adding 6000 cc of purified water, the mixture was mixed and ground at 60 rpm for 6 hours. 
35 The raw slurry of the thermistor material subjected to the grinding treatment was evaluated by using a laser type 
granulometer. As a result, the average particle diameter was 2.7 urn (micron meter). 

The resulting raw slurry of the thermistor material is granulated, dried, molded and then fired to obtain a thermistor 
element in the same manner as in Example 15. This thermistor element is incorporated into a temperature sensor 
assay to give a temperature sensor In the same manner as in Example 15. The resulting thermistor element and tem- 
40 perature sensor have the same structure as that of thermistor elements and temperature sensors shown in Fig. 2 to Fig. 

4. 

Then, the above temperature sensor was evaluated in the same manner as in Example 15. The resistivity temper- 
ature characteristics were the same as those of Example 16 having the same molar ratio (a:b = 38:62) (see Table 11). 
In addition, the evaluation results of the temperature accuracy are shown In Table 1 0. The temperature accuracy of 
45 the temperature sensor of Example 20 is i25*'C. 

(Comparative Example 3) 

In Comparative Examples 1 and 2, the average particle diameter (^m) after mixing, average particle diameter (^m) 
50 after grinding and temperature were evaluated in the same manner as in Example 15. The results are shown in Table 
10. 

As described above, when Examples 15 to 20 are compared, all thermistor elements show temperature character- 

istics with good resistivity as the object of the present invention. 

Regarding the temperature sensor, however, the production methods of Examples 15 to 18 according to the pre- 
ss duction method of the above third embodiment are superior to those of Examples 1 9 and 20. Furthermore, the produc- 
tion methods of Examples 15 and 16 are superior to those of Examples 17 and 18. 

That Is, the larger the number of steps of performing atomization using the medium stirring mill so that the particle 
diameter of the raw material is smaller than a predetermined value in the mixing step in the first preparation step before 
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firing and grinding step in the second preparation step, the more the temperature accuracy is improved. 
(Other Modification Examples) 

5 By the way, it is also possible to provide a wide-range type thermistor element comprising a mixed sintered body of 
Y(CrMnTi)03 and Y2O3 as in Examples 3 to 6 from a composition of Y(Cro.6Mno.5)03. (IWIn, sCri .5)04 and TiOj or from 
Y(Cro 5Mno5)03, (Mni.5Cr,.5)04, Y2O3 and Yn03. other than Examples 1 to 20 

It is possible to prepare a wide-range type thermistor element composed of a mixed sintered body of Y(CrMn)03 
and Y2O3 like Examples 1 and 2 from a yttrium compound (e.g. Y2O3, etc.), a chromium compound (e.g. Cr203. etc.) 
10 and a manganese compound (e.g. MngOg. etc.), as a matter of course. . «*vrrrM 

It is also possible to prepare a wide-range type thermistor element composed of a mixed sintered body of Y(CrM- 
nTi)03 and Y2O3 like Examples 3 to 6 from a yttrium compound (e.g. Y2O3. etc.). a chromium compound (e.g. Cr203. 
etc ) and a manganese compound (e.g. MngOa, etc.), as a matter of course. 

In Examples 1 to 20. in the first preparation step, the mixed solid is hot-air dried before firing, roughly ground by 
,5 using a chaser mill and then calcined. It is also possible to provide a wide-range type thermistor element by adding a 
binder in the mixing step, granulating and drying a mixed powder and calcining the mixed powder in order to realize uni- 
formity of the composition. .J JU 

In the same manner as described above, a wide-range type thermistor element can also be provided by carrying 
out the calcination in the production method of the thermistor element two or more times. 
20 In Examples 1 to 20. as the lead wire, a wire (material: Pti 00 (pure platinum)) having a wire diameter of 0.3 0 and 
a length of 10.5 mm was used, but the shape, wire diameter and length of the lead wire can be optionally selected 
according to the shape, dimension and working atmosphere/condition of the temperature sensor. The material of the 
lead wire is not limited to Pt100 (pure platinum), and there can also be used a high-melting temperature metal having 
a melting point enough to endure the firing or sintering temperature of the thermistor element and providing satisfactory 
25 condudlvityastheleadwire. e.g. Ptsolrao (platinum 80%. iridium 20%). etc. .u xu • . , 

For the purpose of preventing the lead wire from breaking, the section can take any shape other than circular 
shape. e.g. rectangular shape, half-round shape, etc. n is also possible to use the lead wire of the thermistor element 
after providing irregularities on the lead wire surface by knuring. ^ „ . u. , „^ 

In Examples 1 to 20. as a molding method of the thennistor element, molding is performed after inserting the lead 
wire It is also possible to form a lead wire by molding a thermistor raw material (powder) to fomi a cylindncal molded 
article, making a hole for providing the lead wire, inserting the lead wire, followed by calcination, thereby making it pos- 
sible to obtain a thermistor element ..... J. ^ • , M^^MM^ 
It is also possible to form a thermistor element by forming a lead wire after calcining the cylindrical moWed article. 
It is also possible to obtain a thermistor element provided with a lead wire by adding a binder, a resin matenal, etc. 
to raw materials of the thermistor element, mixing them, adjusting the viscosity and hardness of the mixture to those 
suitable for extrusion molding, performing extrusion molding of the mixture to obtain a moWed article of the thermistor 
element with a hole for providing a lead wire, inserting the lead wire, followed by calcination. 

It is also possible to obtain a thermistor element provided with a lead wire by adding a binder, a resin material, etc. 
to raw materials of the thermistor element, mixing them, adjusting the viscosity and hardness of the mixture to those 
suitable for sheet molding, performing sheet molding of the mixture to obtain a sheet-like thermistor sheet having a 
thickness of 200 (im, laminating five thermistor sheets each other to form a laminate having a thickness of 1 mm mold- 
ing the laminate in a mold to obtain a molded article of a thennistor element with a hole having a diameter of 0.4 mm0 
for providing a lead wire having an outer diameter of 1 .8 mm0 , inserting the lead wire, followed by f inng. 

The present invention was described hereinabove, but the thermistor element of the present invention is a material 
represented by the general formula: aMiMSOg • bC^iOz), composed of a mixed sintered body of M^M^Og showing Iw 
resistivity and low resistance temperature coefficient (e.g. 1000 to 4000 (K)) and YgOs as a material for stabilizing the 
resistivity of the thermistor element. 

Consequently, since the resistivity and resistance temperature coefficient can be widely controlled by appropriately 
mixing both components and calcining the mixture, it is possible to provide a thermistor element which can detect a 
temperature ranging from room temperature to high temperature of lOOO'C and has stable characteristics (e g. no 
change in resistivity, etc.) in view of the reliability of heat history from room temperature to lOOO'C (Examples 1 to 20). 

According to the method of producing the thermistor element of the present invention, unHorm mixing of the com- 
position is realized by atomization of the thermistor raw material and scatter in resistivity of the thermistor element is 
reduced by reducing a variation in composition, thereby making it possible to provide a thermistor element wherein the 
temperature accuracy is improved to ±10»C or less at room temperature to lOOCC (± 25 to 30°C in the prior art) and 
high accuracy of the temperature sensor can be realized (Examples 7 - 10 and 15 - 18). 
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(Example 21) 

In this Example. Y(CrMnTI)03, wherein Y was selected as M\ Cr and Mn were selected as and Ti was selected 
as in lJ[\M^M^)Os, is obtained, 
f A flow chart illustrating a production step of the thermistor element of Example 21 is shown in Fig. 21 . 

First, Y2O3, Cr203, MngOs and TlOg (purity of all components is not less than 99.9%) are prepared and then 
weighed so that a molar ratio of Y:Cr :Mn:Ti becomes 1 00:48:48:4 to make 500 g as the total amount in the step of the 
compounding 1 (compounding 1). Then, the total amount of these weighed substances is charged in a resin pot (vol- 
ume: 5 liter) containing AI2O3 or 2r02 pebbles having a diameter of 15 0 (2.5 kg) and pebbles having a diameter of 20 
'0 0 (2.5 kg) and, after adding 1 500 cc of purified water, the mixture was mixed at 60 rpm for 6 to 1 2 hours. 

A mixed slurry of Y2O3. Cr203, Mn203 and Ti02 obtained after a mixing treatment is transferred to a porcelain 
evaporating dish, and then dried by using a hot-air dryer at 1 50°C for 12 hours or more to obtain a mixed solid of Y2O3, 
Cr203, Mn203 and TIO2. 

Subsequently, this mixed solid is roughly ground by using a chaser mill and passed through a sieve (# 30 mesh) to 
'5 obtain a mixed powder of Y2O3. CtaOs, MnsOa and Ti02. This mixed powder is charged in a crucible made of 99.3% 
AI2O3 and then calcined in a high-temperature oven in the air at 1100 to 1300^*0 for 1 to 2 hours to obtain 
Y(Cro.48Mno.48Tio.o4)03- Y(Cro.48Mno.48Tio.04)03 as a bulk solid obtained In the calcination was roughly ground by 
using a chaser mill and passed through a sieve (# 30 mesh) to obtain a powder. 

In the step of the compounding 2, SiOa and CaCOs, which are converted into a liquid phase within the range from 
?o 1 500 to 1 650°C, are used as a sintering auxiliary in case of firing and Si02 and CaC03 are added in an amount of 3% 
by weight and 4.5% by weight, respectively, based on the total amount of the above Y(Cro.48Mno.48Tio.o4)03- 

In the mixing and grinding step, the above Y(Cro.48Mno.48Tio.o4)03, Y2O3, SiOg and CaCOs are charged in a resin 
pot (volume: 5 liter) containing AI2O3 or Zr02 pebbles having a diameter of 1 5 0 (2.5 kg) and pebbles having a diameter 
of 20 0 (2.5 kg), in order to mix these weighed substances. After adding 1500 cc of purified water, the mixture was 
?5 mixed at 60 rpm for 4 or more hours and then ground. In this case, polyvinyl alcohol (PVA) as a binder is added in an 
amount of 1 g per 100 g of a Y(Cro.48Mno.48Tio.o4)03 powder while mixing, followed by grinding. 

A mixed ground slurry of Y(Cro.48Mno.48Tio.o4)03 obtained after mixing and grinding is granulated and dried by 
using a spray dryer to obtain a granulated powder of Y(Cro48Mno,48'no.o4)03- This granulated powder is used as a ther- 
mistor raw material. 

30 Subsequently, using this thermistor raw material and a lead wire (material: Ptioo (pure platinum)) having a size of 
0.3 mm0 in outer diameter x 10.5 mm in length, the lead wire is inserted and the thermistor raw material is molded in 
a mold having an outer diameter of 1 .74 mm0 under a pressure of about 1000 kgf/cn^ to obtain a molded article of a 
thermistor element (provided with a lead wire) having an outer diameter of 1 .75 mm0 . 

The molded article of the thermistor element is arranged on a corrugated setter made of AI2O3 and then calcined 
35 in the air at 1400 to 1600°C for 1 to 2 hours to obtain a thermistor element having an outer diameter of 1 .60 mm0 . 

This thermistor element 1 has a structure as shown in Fig. 3, and is composed of lead wires 1 1 , 1 2 and an element 
portion 13 (prepared by calcining a molded article of the above themiistor element). The thermistor element 1 is incor- 
porated into a typical temperature sensor as shown in Fig. 4 and Fig. 5 to give a tenperature sensor. Thus, a temper- 
ature sensor using a thermistor having a composition of element No. 23 in Table 12 is obtained. 
40 As shown in Fig. 5, a metal pipe 3 is filled with a magnesia powder 33 to secure insulating properties of lead wires 
1 1 , 1 2, 31 , 32 in the metal pipe 3. 

The temperature sensor was put in a high-temperature oven and temperature characteristics of the resistivity were 
evaluated within the range from room temperature (27**C) to 1000°C. 

Using the temperature sensor, with respect to a change in resistivity of the temperature sensor in a high-tempera- 
45 ture durability test in the air at 1 1 00°C for 1 00 hours, a resistivity after 1 00 hours to an initial resistivity was evaluated 
by the following change in resistivity A R. 

A R (%) = (Resistivity after 100 hours/Initial resistivity) x 100 - 100 

50 Furthermore, in the step of the compounding 1 , thermistor element materials were prepared according to the com- 
positions of elements No. 31 . No. 32, No. 34 and No. 34 by changing the molar ratio of Y:Cr:Mn:Ti, as shown in Table 
12, and thermistor elements were made and the resulting temperature sensors were evaluated. The respective resist- 
ance characteristics of the compositions of the elements No. 31 to No. 35 are shown in Table 12. 

As shown in this table, the wide-range type thermistor material of this Example shows the resistivity of 50 to 100 
55 kn required as a temperature sensor. Therefore, it is possible to detect a temperature ranging from room temperature 
to high temperature of 1000°C, 

The resistivity temperature coefficient p was calculated by the resistivity at room temperature (27°C) and that at 
1000°C. 
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As is apparent from the results of the high-temperature durability test, it can be confirmed that a wide-range type 
thermistor material having stable characteristics (e.g. small change in resistivity), etc.) is provided. 

(Example 22) 

In this Example. (M^M^jQg wherein Y was selected as , Cr and Mn were selected as and Ti was selected 
asM^ i e Y(CrMnTi)03, is obtained, and is prepared from (MnCr)04 spinel. YaOs and 1102. 

A*flow chart illustrating a production step of the thermistor element of Example 22 is shown in Fig. 22. 

(MnCr)04 spinel is prepared as follows. That is. CrjOs and MngOa (purity of all components is not less than 99.9%) 
are first prepared and then weighed so that a molar ratio Cr:Mn becomes 1 :1 to make 500 g as the total amount (com- 
pounding 1) Then, the total amount of these weighed substances is charged in a resin pot (volume: 5 liter) containing 
Al,03 or ZrO, pebbles having a diameter of 15 0 (2.5 kg) and pebbles having a diameter of 20 0 (2.5 kg) and after 
acWing 1 500 cc of purified water, the mixture was mixed at 60 rpm for 6 to 12 hours. A mixed slurry of CraOs and MngOg 
obtained after a mixing treatment is transferred to a porcelain evaporating dish, and then dried by using a hot-air dryer 
at 1 50''C for 1 2 hours or more to obtain a mixed solid of CrjOa and MngOs. 

Subsequently, this mixed solid is roughly ground by using a chaser mill and passed through a sieve (# 30 mesh) to 
obtain a mixed powder of CraOg and MngOg. This mixed powder is charged in a crucible made of 99.3% AI2O3 and then 
temporarily calcined in a high-temperature oven in an atmosphere under a normal pressure (in the air) at 1100 to 
1300°C for 1 to 2 hours to obtain (Mn, gCr, 5)04. (Mn, sCr, .5)04 as a bulk solid obtained in the temporary calcination 
was roughly ground by using a chaser mill and passed through a sieve (# 30 mesh) to obtain a powder. 

In the following step of the compounding 2. for the purpose of obtaining the composition of the element No. 33 in 
Table 12. (MnCr)04 spinel. Y2O3 and T1O2 are weighed to make 500 g as the total amount, followed by mixing and 
grinding treatment. In the same manner as in Example 21 . SiOz and CaCOg are added as a sintering auxiliary, but SiOg 
and CaCOa are added in an amount of 3% by weight and 4.5% by weight, respectively, based on the total amount of 
the above (Mni.5Cri,s)04 and Y2O3. ,- „tirs^r7rn 

The above (MnCr)04. YaOa. SiOa and CaCOs are charged in a resin pot (volume: 5 liter) containing AI2O3 or ZrOa 
pebbles having a diameter of 15 mm0 (2.5 kg) and pebbles having a diameter of 20 mm0 (2.5 kg). After adding 500 
cc of purified water, the mixture was mixed at 60 rpm for 4 or more hours and then ground. 

Mixing grinding, granulation, molding and firing are performed in the same manner as in Example 21 to obtain a 
thermistor element. This thermistor and a temperature sensor made by incorporating this thermistor element have the 
same structure as that shown in Fig. 3 to Fig. 5 like Example 21 . The temperature sensor is evaluated in the same man- 
ner as in Example 21. .. ^. 11 1 

Furthermore, in the step of the compounding 2, thermistor element were prepared by adjusting a molar ratio of 
(MnCr)04 spinel, Y2O3 and Ti02 becomes the compositions of elements No. 31, No. 32. No. 34 and No. 35 in Table 12. 
and thermistor elements were made and the resulting temperature sensors were evaluated. 

As a result according to the production method of Example 22, the same results as in Table 12 are ob ained. 
Therefore, the wide-range type thermistor element of this Example can provide a wide-range type thermistor element 
having stable characteristics causing little change in resistivity 

(Example 23) 

In this Example. !V|1(M2m3)03 wherein Y was selected as , Cr and Mn were selected as and Ti was selected 
as m3 i e Y(CrMnTi)03, is obtained, and Y(CrMnTi)03 is prepared from Y(Cr!Vln)03. Y2O3 and TiOg. 

A f low chart illustrating a production step of the thermistor element of Example 23 is shown in Fig. 23. 

In the production of Y(CrMn)03, YsOa, CrgOa and MngOj (purity of aO components is not less than 99.9%) are first 
prepared and then weighed so that a molar ratio Y:Cr:l^n becomes 2:1 :1 to make 500 g as the total amount (compound- 

'"^ Then the total amount of Y203, CrzOg and MnjOa is charged in a resin pot (volume: 5 liter) containing AI2O3 or 
Zr02 pebbles having a diameter of 15 mm0 (2.5 kg) and pebbles having a diameter of 20 mm0 (2.5 kg) and, after add- 
ing 1500 cc of purified water, the mixture was mixed at 60 rpm for 6 to 12 hours. A mixed slurry of Y2O3. CrgOj and 
MngOg obtained after a mixing treatment is transferred to a porcelain evaporating dish, and then dried by using a hot- 
air dryer at 1 50''C for 1 2 hours or more to obtain a mixed solid of Y203. OzOa and Mn203 

Subsequently, the mixed solid of Y2O3. Cr203 and IWIn203 is roughly ground by using a chaser mill and passed 
through a sieve (# 30 mesh) to obtain a mixed powder of Y2O3, CrjOa and MnjOj. The mixed powder of Y2O3. CraOg 
and MnoOa is charged in a crucible made of 99.3% AI2O3 and then calcined in a high-temperature oven in the air at 
1 1 00 to 1300«C for 1 to 2 hours to obtain Y(Cro.5Mno.5)03. Y(Cro.5Mno.5)03 as a bulk solid obtained in the calcination 
was roughly ground by using a chaser mill and passed through a sieve (# 30 mesh) to obtain a powder. 

In the step of the compounding 2. for the purpose of obtaining the composition of the element No. 33 in Table 12, 
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Y(Cro sMoq 5)03, Y2O3 and Ti02 are weighed to make 500 g as the total amount, followed by mixing and grinding treat- 
ment. In the same manner as in Examples 21 to 22, Si02 and CaCOs are added as a sintering auxiliary, but Si02 and 
CaCOs are added in an amount of 3% by weight and 4.5% by weight, respectively, based on the total amount of the 
above Y(Cro.5Mno.5)03. Y2O3 and Ti02. 
5 In the mixing and grinding step, the above Y(CrMn)03. Y2O3, Ti02. Si02 and CaCOs are charged in a resin pot 
(volume: 5 liter) containing AI2O3 or ZrOz pebbles having a diameter of 15 0 (2.5 kg) and pebbles having a diameter of 
20 0 (2.5 kg). After adding 1500 cc of purified water, the mixture was mixed at 60 rpm for 4 or more hours and then 
ground. 

Mixing, grinding, granulation, molding and firing are performed in the same manner as in Example 21 to obtain a 
10 thermistor element. This thermistor and a temperature sensor made by incorporating this thermistor element have the 
same structure as that, shown in Fig. 3 to Fig. 5, of Example 21 . The temperature sensor is evaluated in the same man- 
ner as in Example 21. 

Furthermore, in the step of the compounding 2, thermistor element were prepared by adjusting a molar ratio of 
Y(Cro 5Mno.5)03. Y2O3 and TiOg becomes the compositions of elements No. 31, No. 32, No. 34 and No. 35 in Table 12, 
15 and thermistor elements were made and the resulting temperature sensors were evaluated. 

As a result, according to the production method of Example 23. the same results as in Table 12 are obtained. 
Therefore, the wide-range type thermistor element of this Example can provide a wide-range type thermistor element 
having stable characteristics causing little change in resistivity 

20 (Example 24) 

In this Example, M"'(M2m^)03 wherein Y was selected as M"" , Cr and Mn were selected as and Ti was selected 
as M^, i.e., Y(CrMnTi)03, is obtained, and Y(CrMnTi)03 is prepared from Y(Cro.5Mno.5)03, Y2O3 and YTiOs. 

A flow chart illustrating a production step of the thermistor element of Example 24 Is shown in Fig. 24. Y(CrMn)03 
25 is prepared in the same process as in Example 23 (Compounding 2). 

In the compounding 2 step. YTiOs is prepared as follows. That is, Y2O3 and T1O2 (purity of all components is not 
less than 99.9%) are first prepared and then weighed so that a molar ratio of Y:Ti becomes 1 :1 to make 500 g as the 
total amount. Then, the total amount of the weighed substances is charged in a resin pot (volume: 5 liter) containing 
AI2O3 or Zr02 pebbles having a diameter of 15 0 (2.5 kg) and pebbles having a diameter of 20 0 (2.5 kg) and, after 
30 adding 1 500 cc of purified water, the mixture was mixed at 60 rpm for 6 hour. A mixed slun'y of Y2O3 and TiOg obtained 
after a mixing treatment is transfen-ed to a porcelain evaporating dish, and then dried by using a hotair dryer at 150^*0 
for 12 hours or more to obtain a mixed solid of Y2O3 and Ti02. 

Subsequently, the mixed solid of Y2O3 and Ti02 is roughly ground by using a chaser mill and passed through a 
sieve (# 30 mesh) to obtain a mixed powder of Y2O3 and Ti02. The mixed powder is charged in a crucible made of 
35 99.3% AI2O3 and then calcined in a high-temperature oven in the air at 1 100 to 1300*C for 1 to 2 hours to obtain YTiOs. 
YTi03 as a bulk solid obtained in the calcination was roughly ground by using a chaser mill and passed through a sieve 
(# 30 mesh) to obtain a powder. 

In the step of the compounding 3. for the purpose of obtaining the composition of the element No. 3 in Table 12, 
Y(Cro 5Mno.5)03, Y2O3 and YTi03 are weighed to make 500 g as the total amount, followed by mixing and grinding 
40 treatment. In the same manner as in Examples 21 to 22, Si02 and CaCOs are added as a sintering auxiliary, but Si02 
and CaCOs are added in an amount of 3% by weight and 4.5% by weight, respectively, based on the total amount of 
the above Y(Cro.5Mno.5)03, Y2O3 and YTi03. 

The above Y(CrMn)03. Y2O3, YTi03, Si02 and CaCOs are charged in a resin pot (volume: 5 liter) containing AI203 
or Zr02 pebbles having a diameter of 1 5 0 (2.5 kg) and pebbles having a diameter of 20 0 (2.5 kg). After adding 1 500 
45 cc of purified water, the mixture was mixed at 60 rpm for 4 or more hours and then ground. 

f^ixing. grinding, granulation, molding and firing are performed in the same manner as in Example 21 to obtain a 
thermistor element. This thermistor and a temperature sensor made by incorporating this thermistor element have the 
same structure as that shown in Table 12 like Example 21. The temperature sensor is evaluated in the same manner 
as in Example 21. 

50 Furthenriore. in the step of the compounding 2, thermistor element were prepared by adjusting a molar ratio of 
Y(Cro 5Mno.5)03, Y2O3 and YTiOg becomes the compositions of elements No. 31, No. 32, No. 34 and No. 35 in Table 

1?, anH ihprmiRtnr ^Ipmants were made and the resulting temperature sensors were evaluated. 

As a result, according to the production method of Example 24, the same results as in Table 12 are obtained. 
Therefore, the wide-range type thermistor element of this Example can provide a wide-range type thermistor element 
55 having stable characteristics causing little change in resistivity 
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(Example 25) 

In this Example. Y(CrMnn)03. wherein Y was selected as . Cr and Mn were selected as and Tl was selected 
as m3 in M^(M2m3)03. is obtained, and Y(CrMnTi)03 is prepared from (MnCr)04 spinel. YgOg and YTiOa. 

A flow chart illustrating a production step of the thermistor element of Example 25 is shown in Fig. 25. (MnCr)04 
spinel Is prepared in the manner similar to in Example 22. YTiOa is prepared in the manner similar to in Exanple 24. 

In the step of the compounding 3. for the purpose of obtaining the composition of the element No. 33 in Table 1 2. 
fMnCr)0. spinel Y2O3 and YTiOg are weighed to make 500 g as the total amount, followed by mixing and grinding 
treatment In the same manner as in the above respective Examples, SiOg and CaCOa are used as a sintering auxiliary 
and SiOa &nd CaCOj are added in an amount of 3% by weight and 4.5% by weight, respectively, based on the total 
amount of the above (MnCr)04 spinel. Y2O3 and YTiOa- . r^ -7r> 

Then the above (MnCr)04 spinel, Y2O3. YT1O3 are charged in a resin pot (volume: 5 liter) containing AI2O3 or ZrOg 
pebbles having a diameter of 1 5 mm0 (2.5 kg) and pebbles having a diameter of 20 mm0 (2.5 kg) and. after adding 
1 500 cc of purified water, the mixture was mixed at 60 rpm for 4 or more hours. 

Mixing, grinding, granulation, molding and firing are peiformed in the same manner as in Example 21 to obtain a 

thermistor element. . ,^ 

The thermistor element has a structure as shown in Table 12. and is incorporated into a typical temperature sensor 
assay to give a temperature sensor. The temperature sensor is evaluated in the same manner as in Example 21 . 

Furthermore, in the step of the compounding 2. thermistor element were prepared by adjustng a molar ratio of 
(MnCr)04 spinel. Y2O3 and YTiOg becomes the compositions of elements No. 31. No. 32, No. 34 and No. 35 in Table 
10 and thermistor elements were made and the resulting temperature sensors were evaluated. 

' As a result according to the production method of Example 25. the same results as in Table 12 are obtained. 
Therefore, the wide-range type thermistor element of this Example can provide a wide-range type thermistor element 
having stable characteristics causing little change in resistivity 

As described in Examples 21 to 25. when Y(CrMnTi)03 is represented as Y((CrMn)aTib)03. a molar fraction of the 
total of Cr and Mn is a. a molar fraction of Ti is b and a -h b = 1 . if 0 < b < 0.1 , the resistivity is stable in view of heat 
history from room temperature to 1000'C. Therefore, it is possible to realize a wide-range type thermistor element hav- 
ing the resistivity of 60 to 300 kn within the temperature range from room temperature to 1 0OCC. 

Accordingly H is possible to provide a wide-range type thermistor element which can detect a tenperature ranging 
from room temperature to high temperature of 1000°C and has stable characteristics (e.g. no change in resistivity, etc.) 
in view of the reliability of heat history from room temperature to 1 0OO'C. 

By the way it is also possible to provide a wide-range type thermistor element having the composition of Y(CrM- 
nTi)03 from the composition of Y(CrMn)03. (MnCr)04 spinel. YgOg and TiOg or the composition of Y(CrMn)03. 
(MnCr)04 spinel. Y2O3 and YT1O3. other than Examples 21 to 25. ^-x^ c ^ 

It is possible to prepare a wide-range type thermistor material having the composition of Y(CnMnTi)03. like Exam- 
ples 21 to 25, from an yttrium compound (e.g. YgOs, etc.). a chromium compound (e.g. CrjOa. etc.) and a titanium com- 
pound (e.g. TiOg. etc.). as a matter of course. 

In Examples 21 to 26. the mixed solid is hot-air dried before firing, roughly ground by using a chaser mill and then 
calcined It is also possible to provide the above wide-range type thermistor element by adding a binder in the mixing 
step, granulating and drying a mixed powder and calcining the mixed powder in order to realize the uniformity of the 

composition. . . ^ 

To realize uniformity of the composition, a wide-range type thermistor element can also be provided by carrying out 
the calcination in the production method of the thermistor element two or more limes. 

In Examples 21 to 25. as the lead wire, a wire (material: Ptioo (Pure platinum)) having a wire diameter of 0.3 mm0 
and a length of 1 0.5 mm was used, but the shape, wire diameter and length of the lead wire can be optionally selected 
according to the shape, dimension and service atmosphere/condition of the temperature sensor. The material of the 
lead wire is not limited to Ptioo (pu^ platinum), and there can also be used a high-melting temperature metal having a 
melting point enough to endure the calcination temperature of the thermistor element and providing satisfactory con- 
ductivity as the lead wire, e.g. Pteolrzo (platinum 80%. iridium 20%). etc. 

For the purpose of pre/enting the lead wire from breaking, the section can take any shape other than circular 
shape, e.g. rectangular shape, half-round shape, etc. It is also possible to use the lead wire of the thermistor element 
after providing irregularities on the lead wire surface by knurling. 

In Examples 21 to 25. as a molding method of the thermistor element, molding is performed after inserting the lead 
wire It is also possible to form a lead wire by molding a thermistor raw material (powder) to form a cylindrical molded 
article, making a hole for providing the lead wire, inserting the lead wire, followed by calcination, thereby making it pos- 
sible to obtain a thermistor element. 

It is also possible to thermistor element by forming a lead wire after calcining the cylindncal molded article. 

It is also possible to obtain a thermistor element provided with a lead wire by adding a binder, a resin material, eto. 
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to raw materials of the thermistor element, mixing them, adjusting the viscosity and hardness of the mixture to those 
suitable for sheet molding to obtain a sheet-like thermistor sheet having a thickness of 200 jim, laminating five thermis- 
tor sheets to form a laminate having a thickness of 1 mm. molding the laminate in a moid to obtain a molded article of 
the thermistor element having an outer diameter of 1 .8 mm0 and a hole, 0.4 mm0 , for providing a lead wire, inserting 
5 the lead wire in the hole of the molded article, followed by firing. 

It is also possible to obtain a thermistor element provided with a lead wire by adding a binder, a resin material, etc. 
to raw materials of the thermistor element, mixing them, adjusting the viscosity and hardness of the mixture to those 
suitable for extrusion molding, performing extrusion molding of the mixture to obtain a molded article of the thermistor 
element with a hole for providing a lead wire, inserting the lead wire, followed by firing. 

70 

(Comparative Example 11) 

As Comparative Example 1 1 . Comparative Example ot a temperature sensor using a thermistor element having the 
composition of M^(M2m3)G3 wherein Y is selected as M\ Cr is selected as and is not added in M^M^M )03, 
15 i.e., Y(Cro sMno 5)03, will be described. 

YCrOs is prepared as follows. That is, Y2O3 and CrsOs (purity of all components is not less than 99.9%) are pre- 
pared and then weighed so that a molar ratio of Y:Cr becomes 100:100 in the step of the compounding 1 to obtain 
YCrOs in the same manner as in Example 21 . Using the prepared YCrOg as the raw material, a temperature sensor is 
produced and then evaluated. The results are shown in Table 13 (element No. 36). The evaluation was performed in the 
20 same manner as in Example 21 . 

As is apparent from this table, the resistivity at low temperature range of room temperature (27°C) is remarkably 
high, e.g. 1000 kO or more. Therefore, the temperature cannot be detected. 

As is also apparent from the results of the high-temperature durability test, the change in resistivity A R exceeds 
±20% and. therefore, a wide-range thermistor element having stable characteristics can not be provided. Accordingly. 
25 the thermistor element having the composition of YTIO3 can not be used as the element of the temperature sensor of 
the present invention. 

(Conparative Example 12) 

30 As Comparative Example 12, Comparative Example of a temperature sensor using a thermistor element having the 
composition of U\l/\^M^)Oz wherein Y is selected as , 50 % by mol of Cr is selected as and 50% by mol of Mn 
is selected as in M^(M2m^)03, i.e.. YCrOa will be described. 

In the same manner as in Example 21. Y(Cro.5Mno.5)03 is obtained. Using the prepared Y(Cro.5Mno.5)03 as the 
raw material, a temperature is produced and then evaluated. The results are shown in Table 13 (element No. 37). The 
35 evaluation was performed in the same manner as in Example 21 . 

As is apparent from this table, since the resistivity at high temperature range of 1000*'C is too low. the temperature 
cannot be detected. 

As is also apparent from the results of the high-temperature durability test, the change In resistivity A R exceeds 
±20% and, therefore, a wide-range thermistor element having stable characteristics can not be provided. Accordingly. 
40 the thermistor element having the composition of Y(CrMn)03 cannot be used as the element of the desired temperature 
sensor of the present invention. 

(Comparative Example 13) 

45 As Comparative Example 13, Comparative Example of a temperature sensor using a thermistor element having the 
composition of YTiOg, wherein Y is selected as M\ Ti is selected as and is not added In M^(M2m3)03, will be 
described. 

In the same manner as in Example 24, YTiOa is obtained. Using the prepared YTlOs as the raw material, a tem- 
perature is produced and then evaluated. The results are shown In Table 13 (element No. 38). The evaluation wasper- 
50 formed in the same manner as In Example 2 1 . 

As is apparent from this table, since the thermistor element having the composition of YTiOa shows remarkably 

high resistivity at low temperature range, i.e. 1000 kn or more, the temperature cannot be detected. 

As is also apparent from the results of the high-temperature durability test, the change in resistivity A R exceeds 
±20% and. therefore, a wide-range thermistor element having stable characteristics cannot be provided. Accordingly, 
55 the thermistor element having the composition of YTiOs cannot be used as the element of the desired temperature sen- 
sor of the present invention. 

The embodiments of the present Invention were described hereinabove by way of Examples 21 to 25 and Compar- 
ative Examples 11 to 13, but the present invention is of course not limited to these embodiments. 
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Claims 

1 A thermistor element comprising a mixed sintered body M^M^Og-YsOa of a composition M^M^Og and Y2O3, 
wherein is at least one element selected from the elements of the groups IIA and IIIA excluding La in the Peri- 
odic Table, and is at least one element selected from the elements of the groups IIB. IIIB, IVA. VA. VIA. VIIA and 
VIIL 

2. A thermistor element according to claim 1 . wherein a and b satisfy the relations 0.05 ^ a < 1 .0, 0 < b § 0.95 and 
a + b = 1 . where said a is a molar fraction of M^M^Og and said b is a molar fraction of Y2O3. 

3 A thermistor element according to claim 1 or 2. wherein said is at least one element selected from Y Ce. Pr. Nd, 
Sm. Eu. Gd. Dy. Ho. Er, Yb, Mg, Ca. Sr, Ba and Sc, and said is at least one element selected from Ti, V, Cr. Mn, 
Fe. CofNi, Cu, Zn, Al. Ga, Zr. Nb, Mo. Hf, Ta and W. 

4. A thermistor element according to claim 3. wherein said Is Y said are Cr and Mn, and said mixed sintered • 
body is Y(CrMn)03- YgOa- 

5. A thermistor element according to claim 3. wherein said is Y said M^ are Cr. Mn and Ti. and said mixed sintered 
body is Y(CrMnTi)03 • Y2O3. 

6. A thermistor element according to any one of claims 1 to 5. further comprising a sintering auxiliary composed of at 
least one of CaO. CaCOs and CaSiOs. and Si02. 

7. A temperature sensor comprising the thermistor element of claim 1 . 

8. A method of producing the thermistor element of claim 1. which comprises performing calcination to obtain 
M^M^Os having an average particle diameter larger than that of said Y2O3; 

mixing said M^M^Og with said Y2O3: grinding the mixture to adjust an average particle diameter of the mixture 
after grinding to an average particle diameter which is not more than that of said Y2O3 before mixing; molding 
the mixture into an article having a predetermined shape; and sintering the article. 

9 A method of producing the thermistor element of claim 4. which comprises mixing an oxide of Cr with an oxide of 
Mn; calcining the mixture at 1000°C or more to obtain (Mni.5Cri.5)04 having an average particle diameter larger 
than that of said Y2O3; 

mixing said (Mn^ gCri 5)04 with said Y2O3; grinding the mixture to adjust an average particle diameter of the 
mixture after grinding to an average particle diameter which is not more than that of said Y2O3 before mixing; 
molding the mixture into an article having a predetermined shape: and sintering the article. 

10 A method of producing the thermistor element of claim 5. which comprises mixing an oxide of Cr with an oxide of 
Mn- calcining the mixture at lOOO^C or more to obtain (Mni.sCr 1.5)04 having an average particle diameter larger 
than that of said Y2O3: mixing said (Mn^ gCr^ 5)04, said Y2O3. and TiOgi grinding the mixture to adjust an average 
particle diameter of the mixture after grinding to an average particle diameter which is not more than that of said 
Y2O3 before grinding; molding the mixture into an article having a predetermined shape; and sintering the article. 

11 A method of producing a thermistor element of claim 1. which comprises mixing a raw material of said M^ with a 
raw material of said ; grinding the mixture to adjust an average particle diameter of the mixed grind after grinding 
to an average particle diameter which is not more than that of the raw material of said M^ before mixing and is not 
more than 0.5 ^m; calcining the mixed grind to obtain said U^U^Oz\ 

mixing said M^M^Og obtained by said calcination with said YgOg: molding the mixture into an article having a 
predetermined shape; and sintering the article. 

12 A method of producing a thermistor element of claim 1 , which comprises using those containing at least Y2O3 as 
a raw material of said M^ ; mixing a raw material of said M^ with the raw material of said M^ ; grinding the mixture to 
adjust an average particle diameter of the mixed grind after grinding to an average particle diameter which is not 
more than that of the raw material of said M^ before mixing and is not more than 0.5 ^m; calcining the mixed grind 
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to obtain a precursor having the same composition as that of said mixed sintered body M^M^g • Y2O3; 

molding said precursor obtained by said calcination into an article having a predetermined shape; and sintering 
the article. 

13 A method of producing a thermistor element of claim 1 , which comprises mixing a raw material of said with a 
' raw material of said ; grinding the mixture to adjust an average particle diameter of the mixed grind after grinding 
to an average particle diameter which is not more than that of the raw material of said W before mixing and is not 
more than 0.5 ^m; calcining the ground mixture to obtain said M^'M^Os; 

mixing said M^Os obtained by said calcination with said Y2O3; grinding the mixture to adjust an average par- 
ticle diameter of the mixture after grinding to an average particle diameter which is not more than that of the 
raw material of said Y2O3 before mixing; molding the ground mixture into an article having a predetermined 
shape; and sintering the article. 

14. A method of producing a thermistor element of claim 1 , which comprises using those containing at least Y2O3 as 
a raw material of said M**; 

mixing a raw material of said with the raw material of said ; grinding the mixture to adjust an average par- 
ticle diameter of the mixed grind after grinding to an average particle diameter which Is not more than that of 
the raw material of said before mixing and is not more than 0.5 ^m; calcining the ground mixture to obtain 
a precursor having the same composition as that of said mixed sintered body M^M^Oa • Y2O3; 
grinding said precursor obtained by said calcination to adjust an average particle diameter of said precursor 
after grinding to an average particle diameter which is not more than that of the raw material Y2O3 as the raw 
material of said before mixing; molding the ground precursor into an article having a predetermined shape: 
and sintering the article. 

15 A wide-range type thermistor element comprising a mixed sintered body tsA\hA^hA^)Oz. wherein is at least one 
element selected from the elements of the groups II and lllA excluding La In the Periodic Table, and M and M 
respectively represent at least one element selected from the elements of the groups IVA, VA. VIA, VliA and VIIIA; 
and wherein 

a and b satisfy the relations a + b = 1 and 0 < b < 0.1 and. where said a is a molar fraction of and b Is a 
molar fraction of in said M"'(M2m^)03. 

16 A wide-range type thermistor element, wherein said is at least one element selected from Y Ce. Pr, Nd. Sm, 
Eu, Gd. Dy. Ho, Er, Yb. Mg, Ca. Sr, Ba and Sc. and said and respectively represent at least one element 
selected from Tl, V.' Cr, Mn, Fe. Co. Ni, Cu. Zn. Al, Ga, Zr. Nb, Mo, Zr, Hf, Ta and W. 

17. A wide-range type thermistor element according to claim 15 or16, wherein said is Y said are Cr and Mn. 
said is Tl. and said M^M^M^ps is Y(CrMnTi)03. 

18. A wide-range type thermistor element according to claim 15, further comprising a sintering auxiliary composed of 
at least one of CaO. CaCOa arxl CaSi03. and Si02. 

19. A wide-range type tennperature sensor comprising the thermistor element of claim 15. 

20. A wide-range type thermistor element according to claim 16, further comprising a sintering auxiliary composed of 
at least one of CaO. CaCOs and CaSiOs, and Si02. 

21 . A wide-range type temperature sensor comprising the thermistor element of claim 1 6. 
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Fig .6 
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Fig .7 
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Fig .9 
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Fig .10 
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Fig. 11 
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Fig .12 
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Fig.U 



COMPOUNDING 1 Y2O3 ,Cr203 .Mn203 



MIXING 



CALCINATION 



Y(Cro.5 Mno.5 )03 



COMPOUNDING 2 Y(Cro 5 Mno.5)03, 
Y203,CaC03,Si02 



MIXING/GRINDING: BALL MILL 



GRANULATION/DRYING 



MOLDING 



FIRING 



THERMISTOR ELEMENT 



48 



EP 0 866 472 A2 



Fig. 15 
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Fig. 17 
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Fig .18 
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Fig. 19 
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Fig. 20 
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Fig. 21 
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Fig. 22 
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Fig .23 
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Fig .24 



COMPOUNDING 1 
Y203,Cr203,Mn2O3 



COMPOUNDING 2 
Y203,Ti02 



MIXING 



MIXING 



CALCINATION 



CALCINATION 



Y(CrMn )03 



YT1O3 



COMPOUNDING 3 Y(CrMn)03 ,Y203 , 
YTi03,CaC03,Si02 



MIXING/GRINDING 



GRANULATION/DRYING 



MOLDING 



FIRING 



THERMISTOR ELEMENT 



58 



EP 0 866 472 A2 



Fig .25 
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